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Abstract 
This thesis strives to gain an understanding of the intricate issues surrounding ideas such as 
development, people's quality of life, water resources use and sustainability in the context of 
a country as complex as Colombia.The initial hypothesis was to determine whether Colombia 
could offer to its people a sustainable living. Having dealt with this, the following question 
was to determine the key role of water in the sustainability labyrinth and the ways to address 
the problems standing in the way of water and a sustainable living. 
Hartmut Bossel's analytical framework based on systems theory was used to define 
sustainability indicators for Colombia. The present failure to satisfy Colombians' basic needs 
illustrates how the country is not offering its people a sustainable living. The specific analysis 
of the indicators through the use of conceptual models suggested that the link between quality 
of life and water resources via water accessibility is crucial for the sustainability of the whole. 
Systems and holistic thinking enabled this thesis to come up with principles for working 
towards overcoming the unsustainabilities. The discussion led to conclude that a holistic 
approach is particularly important to address water accessibility and subsequently 
sustainability in Colombia. 
Ultimately, if Colombians can satisfy their basic needs, of which water accessibility is just 
one, it will free them up and enable them to tackle other issues related with quality of life in 
their society such as corruption and violence, as well as appropriate management of their 
resources. This will give rise to a sustainable living for the people of this land in South 
America 
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Chapter 1. Introduction 
1.1 Justification for the research interest 
As a result of prior studies at the Centre for Development Studies in Trivandrum, India, a 
project report on the interrelationship between Bogota and its environment, in the context of 
the rapid urbanisation of Colombia, was elaborated. The bases of this project report were the 
previous work experience with a non-governmental organisation in projects involving poor 
urban communities of the city, mainly in finding solutions for solid waste management and 
wastewater problems. 
The conclusions of the project report were focused, in the one hand, in three major 
environmental problems of the city: the growing demand for resources (such as water, fuel, 
food, etc), the air and water pollution, and the dynamic urban-rural interface of the city. On 
the other hand, it was concluded that inside the city the crucial problems for the majority of 
Bogota's dwellers were the lack of adequate transportation systems and the water and 
sanitation infrastructure. 
Determining ways to address these problems as a further step was considered to be worthy of 
research. It was recognised that the solution to these environmental problems is complex and 
it requires looking at on a broader scale. Political, social, economic, and technical dimensions 
have to be considered. Sustainability, sustainable development, systems thinking, and 
complexity appeared to be possible answers and thus potential topics to investigate. 
1.2 Aims of the research 
The central aim of this study is to develop an analysis of sustainability for Colombia with a 
systems and interdisciplinary approach. In addition, two specific aims are intended: 
111 To understand the concept of sustainability, its background, appropriateness and/or 
constraints in the context of a developing country with all the particulars of Colqmbia. 
1 
111 To identify the main factors preventing Colombia from sustainability, 
unsustainabilities, and to determine appropriate approaches to address them. 
Specifically, the key role of water and the ways to address the problems standing in 
the way of water sustainability will be studied. 
1.3 Thesis outline 
In order to fulfil these aims the thesis has been structured as follows: 
11 The meaning of what sustainability involves is examined m chapter two. The 
discussion on the meaning of sustainability and the adopted statement enable us to 
propose a more specific research question within the central aim of this thesis based 
on the satisfaction of basic needs. 
11 Chapter three presents the use of systems thinking as one essential element for the 
research. Specifically, Hartmut Bessel's analytical framework to analyse sustainability 
is outlined. 
11 The indicators of sustainability for Colombia defined by following Bossel' s method 
are described in chapter four. The selection criteria for the indicators and the 
difficulties encountered applying Bossel' s method are mentioned. 
111 Chapter five deals with the sustainability analysis based on the indicators. A specific 
analysis is elaborated through the use of conceptual models. Quality of Life and water 
resources are studied further as vital elements of Colombian sustainability. Water 
accessibility is determined as one essential basic need of the system. 
1111 The discussion in chapter six leads to postulate and explore a holistic approach to 
address water accessibility and, subsequently, sustainability in Colombia. 
111 Finally, chapter seven presents the conclusions and recommendations of the research. 
1.4 Colombia: The context of study 
Before getting started, a brief description of Colombia is presented for readers who are 
unfamiliar with this country. Colombia is located on the top northwest corner of South 
America. Panama surrounds it in the northwest, Venezuela in the east, Brasil in the southeast 
and Peru and Ecuador in the south. 
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Colombia is the fourth largest country in South America, with 1,139,000 sq. km (four times 
New Zealand). It is divided into 33 departments or provinces; the capital is SantaFe de 
Bogota, which is also the capital of the province of Cundinamarca. 
The country comprises flat coastal lowlands; the high Andes Mountains, which run north 
south; eastern lowlands plains and the tropical rain forest of the Pacific coast and of the 
Amazonas jungle at the southeast. The climate of the coastal lowlands and the eastern plains 
is tropical whereas the highlands have much cooler weather. 
Numerous indigenous groups inhabited the country before the Spanish colonisation; Chibchas 
were the main ethnic family. At present the population of the country is a mixture between 
mestizos (of European-Indian descent), mulatos (African-European descent), zambos 
(African-Indian descent), negros (African descent), and indigenous, the last two being 
minorities. 
Colombia got its independence from Spanish rule in 1819 and since then only two traditional 
parties have ruled the country. This has engendered a significant and outlawed opposition 
from leftist guerrillas groups and as a result, the country's democracy has been in conflict 
with more than 40 years of violence. 
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Chapter 2. Understanding Sustainability 
Many authors, especially in the last forty years, from different perspectives have discussed in 
books, journals, speeches, policies, aid programmes, and summits the meaning, conditions 
and routes to sustainability. As a result, there are quite a number of definitions and approaches 
that sometimes disagree with each other. 
Underneath the academic and political debate about definitions on sustainability, are however 
the causes that have led people to start discussing it and these are more important. People 
from all over have questioned the way human activity interacts with the environment. 
Besides, relations between north and south, and inequalities between different populations 
have also been recently included in the discussion of sustainability. 
In this chapter a concise introduction to this debate is presented, attempting to understand the 
intricate issues surrounding ideas such as development, people's quality of life and 
sustainability in the context of Colombia and Latin America. Some background issues are 
discussed, a definition of sustainable living is adopted and a more specific research question is 
proposed. 
2.1 Sustainability debate 
The origins of the academic discussion of the conflicts between population and environment 
are dated from the work of Thomas Malthus at the end of 181h century. His Essay on the 
Principle of Population was published in 1798 and there were later editions. As an economist, 
Malthus studied the relationship between population and food production concluding that 
there were limits for human population growth (Pickering, 1997). 
There are various historical and contemporary examples of what is called Malthusian Views 
(Pickering et al, 1997). A historic example is the collapse of the Maya civilisation. The 
Maya's noteworthy society developed in areas where obtaining food for the growing 
population would have been a major challenge, in Central America's tropical jungle 
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(Pointing, 1990). Clive Pointing explains how the growing Mayan population was fed by 
intensive agricultural systems that eventually broke down due to environmental degradation 
(Pointing, 1990). 
In the 201h century more examples of global environmental problems, and their relation to 
contemporary development models, have made this debate more vigorous. In the last 40 
years, numerous international conferences have been held with the aim of discussing these 
conflicts. The Club of Rome in 1972, the UN-conference on Human Environment in 
Stockholm in 1972, the World Conservation Strategy in 1980, Our Common Future -
Brundtland Report in 1987, Rio Conference in Environment and Development in 1992 and 
Rio Plus 5 in New York in 1997 are among the most well known. 
Some of these conferences, and their leaders, still maintain the Malthusian view, arguing that 
the main cause of global environmental degradation and resource crisis is population growth. 
Nevertheless, there is little attention given to how some ways of development (of which 
agriculture and food production is crucial) can lead to more environmental conflicts. 
Since the publication of The Brundtland Report in 1987, sound international institutions such 
as the United Nations and the World Bank (which in some senses hold a narrow Malthusian 
view) have advocated sustainability as a goal and solution for these environmental conflicts. 
Sustainability is viewed as the new direction of development, in the belief that development 
will, through economic and social reforms, bring something better called sustainable. 
However, sustainable development has been rather a fashion word or a distraction because the 
world continues to be run and developed in an unsustainable way. Vandana Shiva an Indian 
scientist states: "the term sustainable entered the economic development lexicon in the 1980s 
when people began to realise that economic growth and continuous increases of per capita 
income were unsustainable" (Shiva, 1992 in Krishnan et al, 1995 :86) [italics as in the text]. 
Thus, what is unsustainable is the social and economic development of the wealthier or 
developed nations, leaving the term sustainable contestable in the South, where the benefits 
of development have not been reached yet. 
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Michael Redclift makes it clear by affirming that "whether or not development is necessarily 
unsustainable, as Trainer (1986) and Bahro (1982) argue, it is clearly unsustainable on current 
models for many of those whose livelihoods are made in the South, and for reasons that lie 
outside their control" (1987:201). 
Furthermore, some authors who hold an anti-Malthusian view affirm, "too often there is an 
inappropriate use of technology, over-consumption and inequalities in wealth and life 
chances, which ultimately induce environmental degradation rather than simple 
overpopulation" (Pickering, 1997:411 ). 
Therefore, development and sustainable seem contradictory ideas; current development, 
although it has increased the quality of life of a few, has been achieved on the basis of 
resource exploitation, environment degradation and most significantly on the basis of social 
inequalities. Moreover, the linkage between the affluence in richer countries, as a result of 
development, and the poverty in the countries of the south is something deliberately missed or 
dismissed in some definitions of sustainability. Trainer stresses that "material standards of 
life in the developed countries are intimately linked with the way resources and human labour 
are exploited in the South" (Trainer, 1986 in Redclift, 1987: 201 ). 
Addressing sustainability, meaning merely resolving the conflicts within populations and 
between them and their environment, in the current development models implies, then, more 
than a simple fashion word. Drummond and Marsden assert that "although the nature of 
present day modes of development is such that various forms of unsustainability are the norm, 
as it has been in our case studies of agricultural development, most current attempts to 
promote sustainable development still focus on the explicit outcomes produced rather than the 
underlying causes" (1999:205). In consequence they confirm: "some writers not only reject 
neo-liberal approaches but suggest that sustainable development can only be achieved within 
a socio-economic order radically different from that which exists today" (Drummond and 
Marsden, 1999: 17). 
Clayton and Radcliffe extend this by asserting: "it is also the rich nations that have the skills, 
resources and political and economical power to start to develop solutions to these problems" 
(1996:209). Thus, tackling social and environmental problems in the countries of the south 
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and achieving global sustainability raises questions with complex answers. It involves 
thinking about a new equilibrium and working towards a new order and relationships. 
2.2 What does sustainability mean for Colombia? 
Colombia is a country of the south. Colombia, and Latin America as a region, present high 
income inequality and poverty. A recent World Bank paper shows that "throughout the post-
world war II period, income inequality in Latin America has remained the highest in the 
world. During the last 20 years, this persistent inequality combined with mediocre economic 
growth, led to 50 million more poor people in the region, the highest increase in absolute 
terms in the 20th century (Londono, 1996:35). 
Accordingly, Goodman and Redclift, who specifically studied sustainability in Latin America, 
concluded: "in situations like those of tropical Colombia and Brazil we need to specify greater 
equity, or reduction of poverty, as primary objectives of sustainable development, before the 
question of environmental quality can be fully addressed" (1991 :6) [italics as in the text]. 
Hence, more urgent needs in the region and in Colombia, such as alleviation of poverty, leave 
the conflicts with the environment second in the line. However, these problems are 
interconnected. Precisely, the type of development experienced in the region, in economic 
terms, has been primarily based on resource exploitation, which has resulted in poverty and 
environmental degradation. From the Spanish colonisation, indigenous populations of the 
Andean Region of South America saw themselves being slaves of the European greed for 
gold and silver. Later on, international trade of resources such as coffee, bananas, petroleum, 
carbon, forest, flowers, and even illegal crops, continues to exploit the peoples and the land. 
On the other hand, the region has the highest degree of urbanisation in the world, resulting 
from industrialisation, another type of development, and the rural crisis. Cities such as 
Mexico city, Sao Paulo, Rio de Janeiro and also Bogota have more than or around 10 million 
inhabitants. Nevertheless, the city's capacity to provide services and jobs is not sufficient for 
all dwellers. As a consequence, poverty continues to be attached to the modes of development. 
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Thus, to address poverty and environmental problems in Colombia and Latin America, as 
primary steps for sustainability, development needs indeed to be reconsidered and redirected, 
not only locally but also at the global scale as pointed out earlier. With regard to this, 
Vandana Shiva believes "the sustainability challenge for the new millennium is whether 
global economic man can move out of the worldview based on fear and scarcity, 
monocultures and monopolies, appropriation and dispossession and shift to a view based on 
abundance and sharing, diversity and decentralisation, and respect and dignity for all beings" 
(Shiva et al, 2000:79). 
Before our global civilisation becomes subject to a Malthusian prediction this is something 
that can be done. Work towards understanding the specifics of the problems can contribute to 
a shift in the worldview. Here is where this research thesis fits in the big picture. 
2.3 Sustainable living: a working definition 
Trying to define sustainability will always be a difficult issue. John and Katherine Peet have 
come up with a valuable statement; for them, rather than a definition, sustainability is in the 
form of an ethical principle, as they state: "for sustainable living all people have their basic 
needs satisfied, so they can live in dignity, in healthy communities, while ensuring the 
minimum adverse impact on the natural system, now and in the future" (Peet and Peet, 
2000:3). 
This statement wisely recogmses all communities of the world, emphasising that 
improvements for peoples' quality of life, by satisfying their basic needs, are required now 
and also in the future. This statement also stresses awareness of the need to minimise the 
impact of all human activities on nature. This is the starting point for this research. 
2.4 Assessing sustainability: a research question 
The discussion about the meaning of sustainability and the adopted statement lead to a more 
specific research question within the central aim of this thesis: Could Colombia offer to its 
people a sustainable living? 
8 
Assessing sustainable living in Colombia becomes the next task. In order to determine 
-whether a community has all its basic needs satisfied, information about the community and 
its environment is required. Although this task becomes difficult when the dimension of a 
country is considered, systems thinking will enable us to deal with the complexity. 
Specifically, Harmut Bossel's analytical framework for defining indicators of sustainability 
based on systems thinking will be used in gaining understanding about the state of the system. 
The following chapter will describe the particulars of systems thinking and Bosse}' s method. 
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Chapter 3: Systems Methodology 
Having explored and understood sustainability, the next step towards the aim of this thesis 
work is to assess the state of Colombia with regard to the sustainable living definition. In 
order to do so a systems methodology has been selected, specifically Hartmut Bossel's 
framework for defining sustainability 'indicators. This chapter presents an introduction to 
systems thinking and an explanation of Bossel' s method and principles. 
3.1 Systems based approach 
The systems approach and its principles allow us to identify all the system's elements and 
their relationships. It is an integrated and holistic way of thinking that enables us to look at 
research problems on a broader scale. Systems thinking was developed in several different 
disciplines and activities as a response to certain problems faced by traditional sciences, such 
as complexity and the disjunction between the social and natural sciences, a division that was 
arbitrary and man-made (Checkland, 1981). 
A system is defined as anything that is composed of elements, which are connected in a 
characteristic structure and perform specific functions within the system's environment 
(Bossel, 1998). However, complex systems, which are ultimately the ones of interest here 
such as a country or a community, are not easy to break into or reduce to parts. The most 
significant property of a complex system is the inter-connectedness and interdependence of its 
elements. Thus, a complex system has emergent properties (such as the degree of 
complexity) that only become apparent from the interaction between its parts (Elms, 1992). 
A very pedagogic way to understand complex systems has been recreated by Bossel and Peet. 
It is the analogy of a frog and a bicycle; both are systems, but bicycles are not as complex as 
frogs, since 
" .. one can take a bike to bits, clean and oil it, inspect and service the parts and reassemble it, 
confident that it will work as well as before. Frogs can't be treated that way- the moment you 
take away any significant part, both it and the frog itself are irreversibly affected" (1998:2) 
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The importance of systems analysis and recognising the complexity of sustainability analysis 
is therefore evident. Sustainable living for a community involves looking at every dimension; 
although it is individually about household economy, government social policies, and scarcity 
of resources, it is more about the study of the interdependence and relationships between all 
of these dimensions. As Peet asserts, people, society, economy and nature are inextricably 
linked together, engaged in continuous change and interplay with each other, directly and 
indirectly (Peet, 1999a). 
Furthermore, an integrative systems approach to the question of sustainability takes into 
consideration ethics and stakeholder involvement (Peet, 1999b ), enabling a place for all 
communities and peoples, and all wisdom and knowledge. In a world where indigenous 
peoples, peasants and poor urban dwellers in Third World countries (and some in the First 
World too) have been restricted and are working towards empowerment, this approach is very 
valuable. 
3.2. Hartmut Bossel' s analytical framework for developing 
sustainability indicators 
Hartmut Bossel, a systems theory researcher, ·has developed a framework for the analysis of 
sustainability for complex systems. One of the main outcomes of his methodology is a set of 
indicators, here named sustainability indicators. The indicators' objective is to assist in 
identifying the fundamental needs of a complex system through identifying those parts where 
the condition of one or more key state variables may threaten the viability of the whole 
system (Peet and Bossel, 1999). The indicators provide information for specific areas of the 
system that in the methodology are called orientors of the system. Ultimately, the orientors 
correspond to the needs of the system to be viable and sustainable. In order to understand this 
methodology in more detail the following dialogue is provided. 
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3.2.1 What is the system? 
In Bosse! 's framework for analysing sustainability the whole system is the anthroposphere, 
and it is represented through the connection of three subsystems: human, support and natural, 
see Figure 3.1 
Human 
Subsystem 
Support 
Subsystem 
Figure 3.1 Bossel's model: A World of Systems1 
Source: Bosse!, 1999 
Natural 
Subsystem 
According to this modef each subsystem is connected directly or indirectly to the others with 
circular flows and feedbacks. However, Bessel's model does not suggest a direct relationship 
between the natural and the human subsystems. It is implicit that humans relate to their 
environment through the support subsystems; for example, peoples' need for food is satisfied 
through agriculture production and distribution systems. Nevertheless, when applying this 
model certain exceptions can be found especially in regard to the traditional communities of 
Colombia. Indigenous peoples relate completely differently to nature from the way Western 
societies do. The relationship between Colombians and water, as a natural resource, will be 
explored further in the analysis of sustainability of chapter five. 
3.2.2 What are the system's elements? 
Each of the subsystems, human, support and natural, is the aggregation of different sub-
subsystems, as shown in Figure 3.2. Clearly those sub-subsystems are complex systems 
themselves. The main principle implied in this system's methodology is that the viability and 
1 This drawing is depicted from Bossel's Fig. 3 page 18 of the cited source. 
2 The concept of 'model' is expanded further in Chapter five. 
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sustainability of the total system depends on the proper functioning of all sub-subsystems and 
the key relationship is the reciprocity between them (Peet and Bessel, 1999). 
Human 
System 
Support 
System 
Natural 
System 
I 
Individual 1;~~1 Development Socal System 
J[ ] ~ i 
Government I I System I 
it "'1 ~ i I I I I .J .,J L. J 
I 
Economic System F Infrastructure System 
ir i r 
I I 
Environment and 
Resource System 
i 
Figure 3.2. Bossel's detailed model: the components of the anthroposphere and their 
major relationships 
Source: Bessel, 1999 
Note: In the upper part of this diagram Socal should read Social. 
All of the six sub-subsystem components, from Figure 3.2, are essential parts of the 
anthroposphere and they represent a potential that is essential to the development of the total 
system and that must be sustainably maintained. For Bessel the term potential "denotes a 
stock or capital3 of a vital asset, which can grow or depreciate, and must be maintained in 
good state in order to contribute its share to the development of the total system" (1999: 18). 
Bessel expands the contents of each potential as follows (1999): 
3 In this context the use of the term capital could be dubious since this notion has still strong linkages 
with neo classical economics and it is easily interpreted as exclusive and related only to income (Peet 
and Bosse!, 1999). 
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111 Individual Potential describes the potential for competent individual action as 
produced by and producing the possibilities for individual development. It is the 
accumulated result of tradition and culture as well as socio-political and economic 
conditions. 
111 Social Potential relates to the ability to deal constructively with social processes, and 
employ them for the benefit of the total system. 
111 Organisational Potential is manifested in the know-how and performance standards of 
government, administration, business and management. It is vital for effective 
resource use for the benefit of the total system. 
111 Infrastructure Potential denotes the stock of built structures like cities, roads, water 
supply systems, schools and universities. It is the essential backbone of all economic 
and social activity. 
111 Production Potential (of the economic subsystem) includes the stock of production, 
distribution and marketing facilities. It provides the means for all economic activity. 
111 Natural Potential represents the stock of renewable and non-renewable resources of 
materials, energy and bio-systems, including the capacity for waste absorption and 
regeneration. 
3.2.3 What are the system's needs? 
For the development and maintenance of every. potential in any system there are basic needs 
that should be satisfied. To identify those fundamental needs, Bessel's framework is based on 
the analysis of the properties of the system. Every system exists within a surrounding context 
or environment. The relationship between a system and its environment determines its 
properties, accordingly Bessel identifies six properties for the system's environment: normal 
environmental state, resource scarcity, variety, variability, change and other systems (Bessel, 
1999). 
The way that the system interacts and responds to its environment leads to the recognition of 
orientors. The orientors are the counterparts of the fundamental properties of the system. 
Since each of the environmental properties causes a specific basic system need, "basic 
orientors are ultimately the system's basic needs" (Peet and Bessel, 1999:7). These basic 
orientors corresponding to the six fundamental properties are existence, effectiveness, 
freedom of action, security, adaptability and coexistence. They are called 'environlnent-
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determined basic orientors'. However, there are other orientors, which apply to self-
reproducing, sentient and conscious systems. These are reproduction, psychological needs and 
responsibility, and they are called 'system-determined basic orientors'. The properties as well 
as the orientors of a system are represented in Figure 3.3 
Other Actor 
~ 
Environmental 
Change 
Normal Environmental 
State 
~ 
t 
Existence 
Coexistence Effectiveness 
Adaptability 
~ Security 
• 
t 
Environmental 
Variability 
Freedom 
Resource Scarcity 
/ 
..__________ 
Environmental 
Variety 
Figure 3.3 Fundamental properties of system environments (external) and their basic 
orientor counterparts (internal) 
Source: Bossel 1999 
3.2.4 How to determine the basic needs? 
In the aim to investigate the viability and sustainability of each potential, from human, 
support and natural subsystems, and consequently for the whole system, appropriate 
indicators need to be selected for each of the basic orientors or basic needs. The indicators 
are quantitative or qualitative measurements that having being chosen adequately can provide 
direct or indirect information ofthe satisfaction of the basic needs ofthe system, and therefore 
of its sustainability. 
A recursive way, suggested by Bossel, to identify indicators is through appropriate questions 
by system' orientors, see Table 3.1. These questions have to be made for every component 
subsystem, since the author suggests that in a complex system, attention to all subsystems and 
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the total system is essential for finding reliable indicators and making decisions regarding its 
sustainability (Bossel, 1999). 
Table 3.1 Recursive scheme for identifying indicators 
Source: Bossel, 1999 
Orientor 
Existence 
Effectiveness 
Freedom of 
Action 
Security 
Adaptability 
Coexistence 
Psychological 
needs 
Related question 
Is the system compatible with and able to 
exist in its particular environment? 
Is it effective and efficient? 
Does it have the necessary freedom to 
respond and react as needed? 
Is it secure, safe and stable? 
Can it adapt to new challenges? 
Is it compatible with interacting subsystems? 
Is it compatible with psychological needs and 
culture? 
Once the set of indicators for a system is determined and its information is available, the next 
step is finding out the greater deficiencies or the weakest points of the system. In other words, 
it is to find out where the basic needs or orientors are not being satisfied and the potential's 
viability and sustainability is being threatened. 
3.3 Sustainability Indicators for Colombia 
Using Bessel's framework, sustainability indicators will be defined for the system of 
Colombia. The purpose is to inspect the critical elements that affect the sustainability of the 
country and all of its subsystems, society, government, economy, infrastructure, and 
environment. Special attention will be placed in the role of water resources for sustainable 
living of Colombian People. 
The set of indicators identified for every subsystem will be presented by orientor categories in 
chapter four. Some indicators will be described further by presenting actual information and 
trends. The analysis of sustainability for Colombia will be based on information gathered 
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through the indicators; that is the subject of chapter five where conceptual models will be 
explored to gain a better understanding of the Colombian situation. 
3.4 The role of water in the sustainability of Colombia's systems 
The use of resources is involved in the interaction between the subsystems and that is 
expected to appear or be reflected in the set of indicators obtained. For example water is 
expected to be involved in indicators that show food production, health, basic public services, 
etc, linking the human and natural systems through the infrastructure systems. 
Therefore, analysis of the conceptual model proposed for the natural sub-system, and its 
relationships with the other system's elements, will allow us to locate the key aspects of water 
use and its role in the sustainable living of Colombians. Further, this will enable us to suggest 
appropriate recommendations in the areas where unsustainabilities are found. 
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Chapter 4: Sustainability Indicators for Colombia 
In this chapter, the sustainability indicators defined for Colombia, applying Bosse!' s 
framework, are presented and expanded. Colombia is considered the total system, from 
which three subsystems, human, support and natural are studied. First, the whole set of 
indicators from the application of the methodology itself is outlined. Then the specific criteria 
utilised for narrowing down the indicators are brought up, and the information collected for 
each of the selected indicators is expanded. In addition, the methodology is examined in the 
practical sense and some difficulties encountered are mentioned. 
4.1 Applying Bossel's framework 
Once the system is defined, Bossel's methodology is very clear and straightforward. In 
addition to the question scheme suggested in the last chapter (Table 3.1) for defining 
indicators, a comprehensive number of indicators suggested by Bosse! for a global region 
were used (1999:91-106). Furthermore, examples developed for New Zealand and for the 
state of Upper Austria also mentioned in Bossel's material (1999) were consulted. All tools 
and examples were used analytically in an attempt to place them in the context of Colombia. 
4.1.1 Developing Sustainability Indicators for Colombia 
The preliminary set of sustainability indicators that came out ofBossel's analysis is shown in 
Table 4.1. The indicators are presented by orientor categories for each subsystem and more 
than one indicator is suggested for each orientor. Also, for each subsystem there are two 
classes corresponding to two levels of analysis: the subsystem performance and the 
contribution to the total system. 
According to Bosse!, ideally indicators should initially be developed without reference to 
available data sets (1999); thus to begin with every indicator is formulated by thinking of its 
usefulness to illustrate whether the orientor or basic need is being satisfied for the system of 
Colombia. 
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Table 4.1 Preliminary set of sustainability Indicators for Colombia 
ORIENTOR HUMAN SUBSYSTEM SUPPORT SUBSYSTEM NATURAL SUBSYSTEM 
Subsystem Contribution to the total Subsystem Performance Contribution to the total Subsystem Performance Contribution to the 
Performance system system total s~stem 
Existence Poverty Infant Mortality Rate Net growth of built Percent of people with Loss of agricultural land Percent of carrying 
capital (infrastructure inadequate access to and forest (and its capacity used at current 
Net population Life Expectancy at birth and economy) basic public services change rate) lifestyle 
growth rate 
Rate of change of per Percent of individual Depletable resources Investment and 
capita service capacity lifetime required to lifetime expenditure in resource 
(roads, schools, secure means for extraction and in waste 
hospitals) sufficient lifestyle clean up 
Effectiveness Share of population People with unsatisfied Hours of paid work Percentage of GDP of Resource throughput per Solid waste generated 
affected by basic needs required to meet basic "goods" (excluding the capita (energy/cap-year) and recycled 
unsolved social needs at actual minimum "bads"), such as looking 
problems wage at Genuine Progress Greenhouse gases Renewable fraction of 
Indicators GPI if emissions per economic total materials and 
Percent of people available) output (eg C02/$GDP) energy resource use 
covered by any 
Social Security 
System 
Freedom of Unemployment Informal sector, growth Fraction of infrastructure Decisions taken by own Fraction of area in native Dependence of jobs on 
Action Rate (and the rate rate or population living capital controlled by government (fraction forest natural resources 
of change of it) out of (size of informal overseas interest national policies that are 
sector) actually not international Buffer capacity of Fraction of land under 
Housing imposed) reserves vs. utilised sustainable 
affordability management 
Security Crime Rate Number of victims of the Energy productivity Rate of change of Ecological footprint Depletion rate and 
Civil Conflict (dead and ecological footprint /sustainable footprint lifetime for non-
Frequency of displaced people) Investment rate in renewables 
violations of basic Health/Investment in Rate of change of Accumulation of 
Human Rights Defence (Army etc) regional carrying persistent pollution (rate Percent dependence of 
capacity of production or import vital supplies on 
of key chemicals/rate of sources not under 
absorption) regional control 
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Adaptability Dependency Ratio Percent of people with National or regional Qualifications required Rate of development Ability of essential 
access to education research activities (R & in labour market renewables relative to infrastructure to shift to 
Adult literacy rate D Institutes) depletion of alternative resource 
Percentage of Grassroots Rate of change quality nonrenewables base 
NGO's or NGO's with Investment rate in lifetime (education, 
funding Education /Investment health care , transport, Percent of local Percent of unpolluted 
rate in production capita communication adaptations of resources streams & beaches 
use methods to local (km) 
Level of bureaucracy conditions 
(bureaucrats per working 
adult) 
Coexistence Income distribution Quality of life of Non renewable resource Ecological Rate of change in area of Fraction of resource 
(ratio of top to Indigenous communities consumption per capita footprint! sustainable intact ecosystems use dependent on 
bottom incomes) (poverty?, resources?) footprint international commons 
Rate of change ill - atmosphere etc 
ecological diversity 
index Investment in 
Environment, forestry, 
agriculture as fraction 
national income 
Psychological Alcohol, tobacco Violent deaths in the Percentage of public Percent of people that Fraction of population Level of 
needs and drug streets facilities that are being can afford private under cooperative anxiety/concern about 
consumption privatised services (health and principles resources environment 
Fairness level (percent of education) & future 
Lifetime fraction population seeing the Accessibility of outdoors 
available for leisure system as extremely Percent of population to city dwellers (tourism) Want to move 
unfair) under stress related with elsewhere for 
infrastructure problems children's future 
Percent of population (transport, 
who rather live communication, etc.) 
elsewhere for reasons of 
individual development 
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4.2 Determining the scope of the indicators 
After formulation of the whole set of indicators the subsequent task is to go through them 
and select those that can be expanded and could contribute to further analysis. The criteria 
used for this selection of the indicators are shown below. The implications derived from 
the application of the specific criteria and the difficulties encountered when applying the 
methodology are then discussed. 
4.2.1 Criteria for the selection of indicators 
There are four main decisive factors restricting the selection of indicators for Colombia. 
These are stated below. 
4.2.1.1 Availability of information 
Bossel' s book ( 1999) suggests a number of indicators for which information is difficult to 
find or is not collected or reported as such. Some of these indicators apply in the case of 
Colombia, but it is not possible to include them due to their unavailability. Good examples 
of indicators which cannot be followed up are: the 'level of institutional bureaucracy 
(bureaucrats per working adult)' defined in the support subsystem for the adaptability 
orientor. The 'fairness level (percent of population seeing the (socio-economic) system as 
extremely unfair)' and also the 'percent of population who would rather live elsewhere for 
reasons of individual development' defined in the human subsystem for the psychological 
needs orientor. In addition, the 'percent of local adaptations of resource use to local 
conditions' defined in the natural subsystem in the adaptability orientor. These indicators 
would provide a valuable illustration of Colombia's state concerning a sustainable living 
for its people, but they cannot be evaluated. 
4.2.1.2 Recurrence 
As it was stated earlier in the methodology chapter, all subsystems are interrelated and the 
division made among them is just a simplification for the study of a complex system. As a 
consequence, some indicators are found to be useful at the same time for different orientors 
for different subsystems. For instance, the ecological footprint and its relation to a 
sustainable footprint, as a measure of carrying capacity, is defined for the coexistence 
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orientor in the support subsystem as well as for the security and existence orientors in the 
natural subsystem. In this case the indicator is selected, since its information is available, 
to describe the support system, because it is believed that analysis of carrying capacity 
shows the links between the human and natural systems, done through the support system. 
4.2.1.3 Inter-connectiveness 
There are indicators defined for the same subsystem that are very closely interconnected. 
For instance, in the natural subsystem, 'depletable resources lifetime' for the existence 
orientor and 'rate of development of renewable versus depletion of non-renewable 
resources' for the adaptability orientor, are strongly interrelated. One represents the stock 
variable and the other is the rate of change or flow variable for the same feature. In this 
case, although both indicators should be included because they are necessary to represent 
the situation for a country rich in resources as Colombia, their information is not easy to 
find or it is not measured yet, so they are excluded from the set. 
4.2.1.4 Specificity 
Some indicators are specified as index, percentages and/or fractions, and for some of these 
the information is found in the statistics or other sources in these formats. However, in 
some cases the available information is not the most appropriate. For example, for the 
indicator 'endangered species' in the natural subsystem, the percentage of endangered 
species in Colombia is not available in the sources consulted but the number of them by 
categories is. In this case, the available information is used instead of discarding a valuable 
indicator. 
Furthermore, there are some other indicators that are not specified in these formats (index, 
etc); their information is harder to find, and therefore they have to be exemplified in an 
analogous way. An example of this is 'housing affordability' which is defined for the 
freedom of action orientor in the human subsystem. The closest information available with 
respect to this matter is 'distribution of housing ownership', which is presented in 
percentages. 
In addition, for those indicators with no precise available information as index or 
percentages, other relevant and illustrative information is chosen to describe them. For 
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instance, for the security orientor of the natural subsystem m Colombia the indicator 
'Consequences of climate variability' was proposed and the El Nino phenomenon was 
selected. Nevertheless, there is not a specific and available index showing the impact and 
consequences of this phenomenon. Hence, for this case the account of the consequences, 
physical and material damage, deaths toll and costs involved in the reconstruction of 
affected areas is used to describe this indicator. 
The application of these four criteria filters the preliminary set of indicators and leads us to 
a more limited set. This is shown in Table 4.2. These indicators are expanded in the next 
section of this chapter and will serve as illustrations about the sustainability or 
unsustainability ofthe country. 
Table 4.2 Selected set of sustainability indicators for Colombia 
Orientors' 
categories 
Existence 
Effectiveness 
Freedom of 
Action 
Security 
Adaptability 
Coexistence 
Psychological 
needs 
Human Subsystem 
PoEulation growth rate 
Poverty 
Life Expectancy 
Unsatisfied basic- needs 
Social security 
Unemployment rate 
Informal sector 
Housing affordability 
Victims of the armed-
conflict 
Crime Rate 
Adult literacy rate 
Access to education 
Dependency ratio 
Quality of life of 
indigenous- communities 
Income distribution 
Alcohol, tobacco and 
drug- consumption 
Lifetime fraction 
available for- leisure 
Support Subsystem 
Percent of people 
without access to basic 
public services 
Hours of paid work 
required to meet basic 
needs at actual 
mmtmum wage 
Percent of population 
living in cities 
Energy productivity 
Investment rate in 
Education 
Ecological footprint vs. 
sustainable footprint 
Migration patterns 
Natural Subsystem 
Loss of agriculture 
land and forests 
Greenhouse gas 
emtsswns per 
economic output 
Fraction in native 
forest 
Consequences ofthe 
climate variability: El 
Nifio phenomenon 
Unpolluted 
waterways 
Endangered species 
Level of concern 
about resources and 
environment 
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4.2.2 Some implications of the criteria used 
Before going into elaboration of the selected indicators, it is important to mention two 
important implications of the particular criteria used and the selection process for the 
system of Colombia. These are: 
111 Only one person made the evaluation and determined the indicators set, and therefore it 
is subjective. Bossel asserts that the best way to develop a comprehensive list of 
indicators is by working in teams and "in practice, it [the indicators list] should be the 
outcome of a much more representative process and be subject to peer and community 
review" (1999; 93). Peet also emphasises the importance of the so-called stakeholder 
involvement, in which the viewpoint of the community and its participation in policy-
making and decision-making is essential (1999). Therefore, ideally the set of indicators 
proposed here should be discussed further with more community groups, government 
representatives, Colombian scientists and anyone interested in the country. 
111 There are only a few indicators considered. The preliminary set contained up to 72 
indicators but the final set only includes 31. Bossel recommends more than one 
indicator for each orientor, however this is the case here primarily due to unavailability 
of information. Even the subdivision between indicators that shows the subsystem 
performance or the contribution to the total system has to be missed because there is 
not sufficient information (this is why Table 4.2 has only one column per every 
subsystem instead of two as shown in Table 4.1 ). Thus, the important point is that all 
chosen indicators are believed to provide the essential information required for the 
sustainability analysis. 
4.3 Elaborating the selected set of indicators 
In this section all indicators selected are expanded. The information regarding the facts and 
trends of every indicator is discussed with figures and examples. The main sourcers of 
information were the Colombian National Statistics Department (DANE) and other 
Colombian institutes together with international databases of the institutions like The 
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World Bank and The United Nations. The indicators are presented by subsystems and by 
orientors' categories. 
4.3.1 Human subsystem 
4. 3 .1.1 Existence 
The question here 1s whether the human subsystem of Colombia can exist in its 
environment. The indicators selected are Population Growth Rate, Poverty, and Life 
Expectancy. 
4.3.1.1.1 Population Growth Rate 
Colombia's population is projected to be 42,299,301 by the end of the year 2000 according 
to the projection of the Colombian National Statistics Department, DANE, (2000). The 
last census was carried out in 1993, when the total population was 35,886,2804 and the 
population growth rate was 2.2%. The annual population growth rate has been decreasing 
the last four decades, and from 1995 and 2000 it is estimated to be 1.87% on average per 
annum (United Nations, 2000). 
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Figure 4.1 Population growth rate in Colombia from Census Returns (1964-1993) 
Source: DANE, 2000 
4 There is notorious disagreement about the figures for the total Colombian population for the last 
census, 1993. The national statistics authority source, DANE, in some places in their web page 
states the figure of 33,109,840 whereas in other places it presents 37,664,711. Moreover, the 
World Bank and the World Resources Institute, WRI, have different numbers and projections. Here 
an average figure of 35,886,280 has been taken, which also has been used in other studies (Parra, 
1999) 
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The reduction of population growth in Colombia in the last 40 years is associated with 
reductions in the birth rate, mainly, due to improvements in women's work participation 
and contraception use. Moreover, a demographic evaluation of population policies carried 
out in 1980 found that the remarkable reduction of general fertility in Colombia between 
the 1960's and 1980's was attributed 44.1% to formal family planning programs, 34.6% to 
other factors and 21.3% to socio-economic factors (United Nations, 1983). 
However, Colombia's population places the country as one the 30 most populated 
countries in the world in 1998 (United Nations, 1998). An increase of almost 11 million 
people is expected in the next 15 years as a consequence of the trends in growth rate and 
the population momentum (DANE, 2000). This increment of population poses a challenge 
for the government in order to provide sufficient social and health services and 
employment opportunities, since Colombia's fertility transition indicates an increase of 
working age population and elderly in the next 15 years. 
4.3.1.1.2 Population under the poverty line 
Poverty could be measured based on the daily income that a person spends in food for 
survival; this is defined as a "Poverty Line." Internationally the Poverty Line has been 
expressed in dollar value, as 1 US dollar per day, which is equivalent to approximately 
2,000 pesos (Colombian currency). However, in Colombia the Poverty Line is defined at 
52,000 pesos per month (El Tiempo, 1999), around 1,730 pesos a day (less than one 
dollar). 
In Colombia if a person receives less than 52,000 pesos per month they are not able to live 
in dignity and this condition is called "Misery". If a person has an income higher than 
52,000 and lower than 120,000 pesos, that is considered "Poverty", which means that 
he/she does not have enough to live on (El Tiempo, 1999). 
According to the information from the National Planning Department, presented in the 
main newspaper of Colombia, El Tiempo (1999) currently 55% of Colombia's population 
lives in poverty, which means that 20 million Colombians earn less than 120,000 per 
month. The situation is worse in the countryside, where 80% of the people, approximately 
7 million, are poor. Furthermore, the same study shows that 21% of the population lives in 
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misery and again the situation in the country-side is worse where 46% of the people have a 
income lower than 52,000 pesos a month. 
The economic crisis together with intensification of the armed conflict of recent years has 
contributed to the increase of poverty and misery in Colombia. Although the Latin-
American authorities claim a reduction of poverty of 2% during the 90's in the 
subcontinent (CEP AL5, in El Tiempo, 1999) the absolute number of poor people continues 
rising and in any case Colombia is among the countries in the region where poverty is 
continuously increasing. 
Further, the international statistics of the World Bank, WB, and World Resources Institute, 
WRI, show lower figures than national statistics. From WRI figures it appears that the 
poverty in Colombia was only 7.4% compared with 16% according to DANE in 1991; in 
1996 the WB gave 11% compared with 27 % from DANE. Differences in the value of the 
Poverty Line explain such differences in poverty figures. The value of one dollar in 
Colombia is very little money so its purchasing power is very limited. What is called 
international Poverty Line could be called in Colombia the Misery Line (one dollar a day). 
This situation and the increment of poverty can be appreciated in the data of the Table 4.3. 
Table 4.3 Comparison of Poverty Data in Colombia 
Source: National statistics: DANE, 2000 (for years 1991 and 1997). El Tiempo, 1999 (for 
year 1997). International statistics: World Bank, 2000 (for year 1996) & World Resources 
Institute, 1999 (for year 1991). 
Source 
Nationals Statistics 
International Poverty 
Line 
Year 
1991 
1997 
1999 
1991* 
1996* 
1996** 
Notes: * corresponds to less than $1 dollar a day 
** Corresponds to less than $2 dollars a day 
People below Poverty Line 
o;o 
16 
27 
55 
7.4 
11 
28.7 
5 CEPAL, United Nations Economic Commission for Latin America 
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4.3.1.1.3 Life Expectancy 
The Life Expectancy, LE, in Colombia shows a similar increasing trend as to the rest of the 
world. In the late 1960s LE was 60 years (combined males and females) and it has been 
estimated to be 70.9 years for the period 1995-2000 (WRI, 1999). The increase in LE is 
attributed mainly to improvements in health services and diseases prevention and 
treatment. Also the reduction of Infant Mortality contributes to longer life expectancy. 
Colombian females have higher life expectancy than males as is the normal pattern in the 
World; however, due to the particular mortality causes in Colombia, the male death rate is 
considerably higher than that of females, especially in the age group between 20 and 30. In 
Colombia the main cause of mortality is Violence; the country has been subject to armed 
conflict since the 1950s, and political and civil instability have created numerous victims. 
DANE has information on the cause and number of deaths for the year 1996, which has 
been calculated in terms of percentages as follows in Table 4.4: 
Table 4.4 Main Causes of Mortality in Colombia in 1996 
Source: DANE, 2000 
Category (10 main death Percentage of Males Females 
causes) total deaths percentage for percentage for 
death category death catego!:r 
Attack with fire arms and 12 93 7 
explosives 
Acute myocardia infarction 10.9 55.5 44.5 
Other Causes (natural deaths 4.5 53.4 46.6 
not certified by a doctor) 
Respiratory chronic 3.1 56 44 
obstruction 
Cardiac Insufficiency 3.1 48.8 51.2 
Diabetes Mellitus 2.7 41.6 58.4 
Traffic accident 2.4 80.7 19.3 
Cerebrovascular disease 2.3 46.2 53.8 
Stomach Cancer 2.3 58.8 41.2 
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4.3.1.2 Effectiveness 
Is the system effective and efficient regarding the needs of the population? For this 
category indicators referred to the social security system and people with unsatisfied needs 
are studied. 
4.3.1.2.1 Unsatisfied Basic Needs 
Examining Unsatisfied Basic Needs, UBN, is another common method for measuring 
poverty in Colombia. The UBN is the combination of at five simple indicators that express 
the lack of basic commodity's consumption and the low capacity to generate income in the 
household (DANE, 2000). The indicators included are: 
111 Households with inappropriate housing 
111 Households without basic services (drinking water and sanitation) 
111 Households with high people's density (more than three people per room) 
11 Households with high economical dependency (more than three dependents for one 
worker head of household) 
111 Households with low school attendance (household at least with one child between 7 
and 11 without going to school 
The individual and aggregate data of the UBN percentage for Colombia is shown in Table 
4.5, these figures are developed by the National Planning Department, DNP, in Colombia. 
The UBN percentage in the country was decreasing until 1997, where it starts slightly to 
increase. This assertion agrees with other most recent measurements of poverty discussed 
here earlier. Individually, within the indicators that integrate the UBN, there are dissimilar 
tendencies; whereas the percentage of people without access to basic services decreased 
notably, the percentage of people with a crowded household did not decrease that much 
over the 13-year period presented. Households with low school attendance, in percentage, 
are less in 1998 than in 1985. However, households with inappropriate housing conditions 
and high economical dependency, although less in percentage, still have not improved 
significantly in these years taking into account a growth in the population of about ten 
millions in the same period (Parra, 1999). 
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Table 4.5 Colombian Figures in UBN 
Source: National Planing Department, 2000 
% Population under UBN by 1985 1993 1997 1998 
indicator 
Unsatisfied Basic Needs, UBN 45.60 37.20 25.40 25.90 
Low School Attendance 11.50 8.02 4.11 4.50 
High PeoEle' s Densit~ in the household 19.40 15.40 11.25 11.20 
Without Basic Services 21.80 10.52 4.76 5.00 
Inappropriate Housing Conditions 13.80 11.60 7.71 7.30 
High Economical Dependency 15.90 12.83 8.97 9.50 
4.3.1.2.2 Social Security 
The coverage of social security in Colombia is very limited. According to the World Bank 
(1995), in 1987 only 30% of the economic active population were covered by social 
security. In 1997, according to DANE (2000), 42.81% of the total population was not 
affiliated to any social security health system, being 39.06% in urban areas and 52.51% in 
rural areas. There are significant differences within regions in the country regarding social 
security. For example, in the countryside of the Atlantica Region the people not covered by 
the social security system reaches 73 .22%; whereas in the cities it could be as low as 
28.77%, as in the case of Medellin, the second biggest city of Colombia (DANE, 2000). 
4.3 .1.3 Freedom of Action 
The question to be answered here is do the people in Colombia have necessary freedom to 
respond and react as needed? Indicators that can illustrate this are the unemployment rate, 
the magnitude of the informal sector and housing affordability, all being variables very 
closely interrelated, especially the first two. 
4.3.1.3.1 Unemployment rate 
Unemployment in Colombia shows a recent growth trend, which is a matter for concern. 
1999 was declared a year of economic emergency, since unemployment exceeded 20%. 
The economic recession of the late 90s in the whole subcontinent has affected Colombia 
severely. The situation is worst in the countryside and among the poor people. In the 
poorest 10% unemployment reaches 61% (El Tiempo, 1999). Unemployment figures for 
the last 20 years are presented in Table 4.6. 
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Table 4.6 Unemployment in Colombia, last 20 years 
Source: Parra, 1998 (for data of 1980 and 1985) rest of data from DANE, 2000 
Year Unemployment Rate(%) 
1980 9.7 
1985 13.8 
1990 10.2 
1992 9.2 
1994 7.6 
1995 8.7 
1996 12.0 
1997 12.1 
1998 15.0 
1999 20.1 
2000 20.2 * 
Note: Survey done for the 7 main cities of Colombia: Santafe de Bogota, Medellin, Cali, 
Barranquilla, Bucaramanga, Manizales and Pasto. 
* Preliminary figures for March 
4.3.1.3.2 Informal Sector 
Informal employment is a significant and growing sector of the economy in Colombia as 
well as in other developing countries. Various characteristics contribute to this problem. 
Basically, the absorbing capacity of the industrial and services sector in urban areas has not 
been enough for the surplus of labour. Most of the inhabitants of the city come from the 
rural areas, where there has been low agricultural employment, landlessness, and even 
more problems of violence that have pushed large numbers of people to the cities. As a 
result high levels of unemployment and a substantial informal sector in Colombian cities 
are common features. 
Clearly people who depend on the informal sector for survival do not have any social 
security and their income might be classified as under the poverty line. Another consequent 
problem that is becoming significant is underemployment. Some relevant and available 
data are shown in the Table 4.7. 
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Table 4. 7 Distribution of Labour Force in the 7 Main Cities of Colombia 
Source: DANE, 2000. Parra, 1998 (for the data ofthe informal sector of Bogota) 
Population by categories 
Total Population 
Economic Active Population (15-60) 
Unemployed Population 
Employed 
Underemployed population,(%) 
Informal sector (for Santafe de 
Bogota in 1993) 
Informal sector (Population for 10 
cities in Colombia) 
1998 2000 
14,100,000 14,525,000 
6,926,000 7,249,000 
1,082,000 (15.6%) 1,465,000 (20.2%) 
5,844,000 5,784,000 
1,180,488 (20.2%) 1,312,968 (22.7%)* 
54% 
3,531,202 
Note: *Percentage for 1999. The rest of the data for 2000 is preliminary. 
4.3.1.3.3 Housing A.ffordability 
Table 4.8 Distribution of Housing Ownership in Colombia, 1997 
Source: DANE, 2000 
Total national 55.27 35.90 8.83 
Non 55 36.09 8.03 
Poor 51.17 34.59 14.25 
Santafe de Bogota 50.51 43.54 5.95 
Non poor 52.40 42.72 4.88 
Poor 34.12 50.72 15.16 
Note: These figures refer only to households in the urban areas. 
The information in Table 4.8 shows that nearly half of Colombian people living in urban 
centres can afford their own house. It is interesting to see that there is not much difference 
between housing for what is considered poor or non-poor (perhaps excluding only high-
income groups). The Colombian middle class and poor both face lack of housing 
opportunities. A slightly notorious difference is seen with the poor urban dwellers of 
Santafe de Bogota, where just 34% of households own their house. Moreover, among the 
urban poor other forms of ownership are more common, such as illegality and squatters. 
In the case of Bogota, the supply of housing for the inhabitants and immigrants of the city 
has been limited. The only affordable places for poor dwellers have been the outskirts. 
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The reasons are related to the prices of land. The native Bogotans and higher income 
groups have occupied the interior of the city. Therefore, middle income and low-income 
families are usually located in the neighbourhoods at the edges of the city. The problem 
with the outskirts of the city is the unsuitability of the land for urbanisation. However, 
these areas become urban due to the illegal urbanisers, called in Colombia 'Piratas' who 
are unscrupulous housing and plot sellers that at lower prices offer inadequate land and 
accommodation without the required licence. In this way the high slope hills of the 
southeast and north east of the city, the borders of the rivers and creeks and the filled 
swamps have been and continue to be urbanised. 
4.3.1.4 Security 
Is Colombia secure, safe and stable for its inhabitants? The straight answer to this question 
is no. Colombia has faced a long and deep-rooted political conflict for more than 40 years. 
There are various armed groups in the country permanently fighting each other. Guerrilla 
movements, paramilitaries and the Colombian Army all impose a real threat for civilians. 
Rural communities have been the most affected by the conflict; however, cities face 
extensive vandalism and crime. Further, the condition has been disturbed by drug cartels. 
Victims of the armed conflict and crime rate are the selected indicators. 
4. 3.1.4.1 Victims of the Armed Conflict 
According to the main right wing Colombian newspaper, El Tiempo, it is estimated that in 
1999 there were 2,000 kidnapped people, 3,000 civilians killed in the cross fire, 2,000 
victims of massacres and 400,000 displaced people due to the armed conflict. All kinds of 
violations to human rights happen regularly in Colombia due to the armed conflict, in the 
form of terrorist actions, rural and urban attacks and massacres. 
The number of displaced people in Colombia between 1995 and 1999 is close to 1 million 
and from the year that data started to be collected, 1985, the total is 1, 700,000 Colombians. 
In 1998, 47% of the cases were accredited to the paramilitaries, 35% to the guerrillas and 
8% to the Colombian Military Forces. The municipalities affected during the last 4 years 
represent 39% with respect to the whole territory (El Tiempo, 1999). Areas of 
displacement are characterised by conflict over the ownership of land, the new colonisation 
frontiers, drug trafficking and new commercial agricultural enclaves. 
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Most displaced people migrate to the urban centres. Bogota, Bucaramanga, Medellin and 
Barranquilla are the major receiving cities. Since the people are forced to leave their homes 
they arrive in misery in the cities and are forced to dwell in and invade inadequate and 
high-risk areas. During 1998, 46% of displaced people were peasants, who owned land and 
the statistics show that only 13% could afford a new house (El Tiempo, 1999). 
According to Observatorio de los Derechos Humanos en Colombia6, ODHC (2000) 
violence is the main problem in Colombian society. Along with the loss of numerous lives, 
the economic cost of the conflict is high regarding physical and natural capital losses. It is 
estimated that nearly 1,700,000 hectares of agricultural land, since 1990, are no longer 
productive due to rural displacement (El Tiempo, 1999). Further, in terms of GDP the 
armed conflict causes with a reduction of between 1% and 1.5% of total GDP annually 
(ODHC, 2000). However, beyond the economic cost of the war, the social consequences 
are worse. The resulting insecurity and uncertainty have undermined the basis of social 
cohesion. Colombian people live permanently with fear. 
4.3.1.4.2 Crime Rate 
Overall the crime rate in Latin American cities is very high. Around 110,000 people are 
killed annually in the subcontinent and for every person killed there may be between 10 
and 15 people injured according to Pan-American Health Organisation, OPS, (El Tiempo, 
1999). In 1997 in the country it was estimated ·that there are around 26,000 homicides per 
year, that is 70 per 100,000 people (OPS, in ODHC, 2000). These figures place Colombia 
as one of the most violent countries in the world; the homicide rate is four times the 
average for Latin-America, sixteen times the one for Europe and seventy times the one for 
Asia (OPS, in ODHC, 2000). 
Consequently, Santafe de Bogota is a highly violent city, in 1998 there were 82 murders 
per 100,000 people (WRI, 1999). Frequent armed robberies and assaults occur in the city; 
in the poorest and most violent neighbourhoods there are several 'pandillas', groups of 
young delinquents who also operate in other places. The lack of formal employment and 
6 Observatory of Human Rights in Colombia 
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education, and also psychological factors, such as displacement due to rural violence and 
harsh economic conditions, contribute to the problem of insecurity in the cities. 
4.3 .1. 5 Adaptability 
The adaptability category is the study of the abilities of the human sub-system to adapt to 
new or permanent challenges. The ~ducation of society is a major factor; illiteracy and 
access to education are taken into consideration in this section. The proportion of young 
adults to the inactive population (children and elderly) is another variable explored here. 
4.3.1.5.1 Adult Literacy Rate 
The illiteracy rate in Colombia has reduced considerably. In 25 years it has dropped 10% 
in a situation of a population increase of almost 20 million. In 1973 it was 19% and 9% in 
1998 (World Bank, 1995 and 2000). There is no significant difference between figures for 
adult males and females in recent years. Interestingly it has been projected that by 2015 
female illiteracy will be lower than male in contrast to the trend of 30 years ago. The data 
can be seen in Figure 4.2. 
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4.3.1.5.2 Access to education (primary, secondary and tertiary) 
Along with the improvement in adult literacy, illiteracy in the young has also been 
reduced. In 1998 only 4% of males and 3% of females between 15 and 24 were illiterate 
(World Bank, 2000). However, the statistics of people who remain in the education system 
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are not as high as for the ones who begin primary education. The supporting data can be 
seen in Table 9. 
Table 4.9 Primary Education Efficiency in Colombia7 
Source: World Bank, 2000 and WRI, 1999 (only for the data of 1994-1995) 
Year Percentage of Cohort Reaching Children Out of School · 
Grade 5* (thousands) 
Total Females Males Primary Secondary 
1980 39 36 992 1,781 
1994-1995 58 
1996 471 1,180 
1997 76 70 
Note: Percentage of cohort reaching grade 5 is defined as the share of children enrolled in 
the first grade of primary school who eventually reach grade 5. 
The number of children out of school has declined in the last twenty years nevertheless, it 
continues to be considerable and even more for secondary education. Table 4.9 shows that 
still more than 1 million school-age children were not attending secondary school in 1996. 
These findings also agree with the figures of school enrolment presented in Table 4.10 
Table 4.10 Education Enrolment in Colombia 
Source: and World Bank, 1995 and WRI, 1999 (for the data of 1995-1996) 
Year Gross Primary Gross Secondary school Gross Tertiary 
school Enrolment Enrolment ratio Enrolment ratio 
ratio 
Female Males Female Males Total 
1965 86 83 16 18 3 
1980 120 117 42 40 10.2 
1989 110 109 13.7 
1991 60 51 
1992 117 116 
1993 9.9 
1995-1996 114 115 72 62 
Note: Gross enrolment ratio is defined as the percentage of students of all ages at the 
primary, secondary or tertiary level with respect to school-age children. The gross 
enrolment ratios may exceed 100% because some pupils are younger or older than the 
standard primary school age 
7 In Colombia primary education comprises 5 grades; nevertheless, education starts at Grade 0, 
which is pre-primary school 
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There is a small difference between female and male school enrolment in secondary as 
well as primary, female enrolment being higher. However, this difference is becoming 
more accentuated in recent years for secondary school. This characteristic is due basically 
to the need for male children to start working at an early stage in order to help their 
families economically; obliging them to quit school. Moreover, for the poor sector of 
society, education is more difficult to afford. 20 out of 100 poor children cannot go to 
school (El Tiempo, 1999), and as a consequence of the increased rate of poverty since 
1995-96 a decrease in school attendance would be expected. 
Tertiary education has had much lower participation; the increase in the enrolment ratio 
figures since the 1980s is almost negligible and even more it started to decline from 1990. 
Public universities lost their public character since early 1990s due to the structural 
adjustment reforms (privatisation being the most significant), hence tertiary education 
became more difficult for Colombians to afford. 
4.3.1.5.3 Dependency Ratio 
Colombia is undergoing demographic changes as a result of the fertility transition. The 
young population is decreasing in proportion to adults and elderly, the adult population 
increasing most significantly. As a result the Dependency Ratio, DR, defined as the 
relation of dependent population (below 15 and above 64) to the working-age population 
(between 15-65), shows a decline trend, as appears in Figure 3. In 1996 it was around 1 
and in 1998 is estimated to be 0.6. 
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This declining trend of the DR could be interpreted as positive, because fewer dependents 
in relation with the working population mean better functioning for the social security 
system and for the economy in general. However, these statistics do not take into 
consideration the actual active population among the working-age population. The higher 
unemployment in Colombia and its rising tendency over the last 5 years directly affect the 
DR and consequently what is derived from it in the economy and social sector. Moreover if 
disabled and sick people in the age group between 15 and 65 are also considered as 
dependents, the DR could be even higher. 
4. 3 .1. 6 Coexistence 
The Coexistence category deals with the ability of the population to be compatible with 
other interacting sub-systems. The Colombian population is composed of various diverse 
groups in terms of ethnicity, beliefs, political affiliation and income. These differences 
cause the human-sub-system to face challenges of sustainability. Quality of life of 
indigenous communities and Income distribution are the indicators explored for this 
orientor. 
4.3.1.6.1 Quality of Life of Indigenous Communities 
Although the indigenous population accounts for only 3% of the total Colombian 
population, in 1994 there were 1,106,499 indigenous people (DANE, 2000). There are 
approximately 80 ethnic groups living in Colombian territory, mainly in the east or Pacific 
region (Departments of Choc6, Cauca and Narifio), and in the south and south-west 
regions of the country, Amazonia and Orinoquia (Departments of Vichada, Arauca, 
Guania, Guaviare, Putumayo, Amazonas). There are some few others in the north in La 
Sierra Nevada de Santa Marta. They live mostly in the areas of tropical rain forest, the 
jungle, and in the mountains of the Andes. The main indigenous groups and their 
population are shown in Table 4.11. 
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Table 4.11 Indigenous Groups in Colombia 
Source: DANE, 2000 
Ethnic Group Population 
Arhuaco 11,047 
Awa K waiquer 11,327 
Cafiamomo 11,964 
Coyaima 10,308 
Embera 50,430 
Guambiano 13,964 
Inga 12,312 
Nasa (Paez) 96,165 
Quillansinga 45,601 
Senti 38,736 
Sikuani 20,462 
Wayuu 93,882 
Yanacona 17,708 
The native indigenous population of Colombia was reduced drastically in times of 
colonisation, between 1500 and the 1800s and as a result some ethnic groups became 
extinct. The remaining indigenous population was forced to migrate and live in more 
remote areas of the deep jungle far away from the urban 'western' settlements funded by 
Spanish colonisers. It is only till 50 years ago that the population of indigenous people 
started to increase after 500 years of decline. 
There are no separate statistics available for the indigenous groups in terms of quality of 
life. Most of the communities continue to face problems of colonisation, the process of 
'westemisation' and degradation of their environment for industrial and commercial 
activities in the forests. These problems represent a real threat to their quality of life, which 
is supported in their relation with the land. 
The Negro communities undergo similar and probably worse situation. Most of the Negro 
groups, brought to the country from Africa in times of Spanish colonisation, were mixed 
with the local communities, but still there are some original ethnic communities. They 
faced similar land problems and even more problems of identity and recognition. Table 
4.12 shows the data about Negro communities in Colombia. 
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Table 4.12 Negro Communities in Colombia 
Source: DANE, 2000 
Ethnic Group Population 
Cimarron 1,474 
Negro 493,170 
Raizal 7,699 
Otavalefio 16 
Without Information* 71,923 
Note: * People who claimed they belong to an ethnicity but did specify which. 
Both Indigenous and Negro communities are still minorities with regards to the rest of the 
population. They have a minor representation in Colombia government; although in the 
case of indigenous groups they have their own strong organisation systems. The fact that 
there are still many urban-Colombians who are not aware of these minority communities 
shows how poor has been the process of recognition and interaction among different 
Colombian coexistent groups. 
4.3.1.6.2 Income Distribution 
The inequality of the income distribution in the country can be seen through the Gini 
Index. The Gini index provides a convenient summary measure ofthe degree of inequality. 
Gini Index measures the extent to which the distribution of income among households 
within an economy deviates from a perfect equal distribution (World Bank, 2000). A Gini 
Index of zero represents perfect equality, while an Index of 100 implies total inequality. 
Colombia's Gini Index was 57 in 1996 from World Bank (2000) data and 51 in 1991 from 
WRI (1999), as shown in Table 13. 
Table 4.13 Income Distribution Indicators in Colombia 
Source: WRI, 1999 (data for 1991) and World Bank, 2000 (data for 1996) 
Year Gini Percentage Share of Income 
Index 
Lowest Lowest Second Third Fourth Highest Highest 
10% 20% 20% 20% 20% 20% 10% 
1991 51 3.6 8.8 12.9 20.4 54.4 
1996 57.1 1.1 3.0 6.6 11.1 18.4 60.9 46.1 
Notes: Percentage share of income refers to income shares by percentiles ( deciles or 
quintiles) of population ranked by per capita. Percentage shares by quintile may not sum to 
100 because of rounding. 
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Furthermore, the inequality in the distribution of income is reflected in the percentage 
shares of income accruing to segments of the population ranked by income levels (World 
Bank, 2000). The segments ranked lowest by personal income receive the smallest share of 
the total income. Colombia shows a typically unequal income distribution, where the 
highest 20% of the population account for 60% of the total income and the lowest 20% 
share only 3% of the total income. 
4.3.1.7 Psychological Needs 
Does the system satisfy the psychological needs of the population? Indicators in this 
category should give a sign of the satisfaction of the psychological needs of Colombian 
people. The consumption of alcohol, tobacco and drugs and the availability of recreation 
and leisure among Colombians are explored. 
4.3.1. 7.1 Alcohol, tobacco and drug consumption 
In Colombia in 1994 the prevalence in the consumption of alcohol was 25.2%, in the age 
group above 12 years, and for smoking tobacco was 21.4% according to the World Health 
Organisation, WHO (2000. The alcohol consumption among young people is higher, 7 out 
of 10 people betweenlO and 24 years old have consumed alcohol at least once (Rumbas, 
2000). 
The consumption of drugs is a large social problem, especially among the young people. 
With regards to marijuana, the most consumed drug with a prevalence of 9.2%, between 
270,000 and 486,000 young people between 10 and 24 years old have consumed it at least 
once and between 113,000 and 192,000 are currently consuming it. The second most 
consumed illegal drug is cocaine with a prevalence of 8.8% (Rumbos, 2000). 
According to Rumbos (2000), the Government programme to reduce drug consumption, 
violence is one of the main causes of instability of the Colombian society and as a 
consequence the root of many social problems and the interrelated alcohol and drug 
consumption. 
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4.3.1. 7.2 Lifetime fraction available for leisure 
Unfortunately there is no available direct data on how many Colombians have access to 
recreation and how much time they can spend in recreation, sports and leisure. However, 
indirect data can be used; for example, one the main causes contributing to heart diseases 
(which is the second cause of mortality in Colombia) is the relative physical inactivity, 
which accounted for 76.4% for the heart problems in 1994 (WHO, 2000). Moreover there 
is a slight difference between Life Expectancy, LE, and Healthy Life Expectancy, HLE, for 
the population, HLE is between 8 and 9 years lower than LE for males as well for females, 
currently HLE is 62.9 (combined males and females) (WHO, 2000). The lack of a very 
good health among the Colombian population could have reasons associated with poverty 
and malnutrition, however it also can be associated with lack of disease prevention and 
health promotion, in which sports practice and adequate recreation are important factors 
that are probably missing. 
4.3.2 Support Subsystem 
4.3 .2.1 Existence 
In order to study whether the infrastructure and economy systems of the country, the 
support system, are guaranteeing the existence of its people, the indicator Percent of people 
without access to the basic public services has been selected. 
4.3.2.1.1 Percent of people with access to basic public services 
Access to safe drinking water, adequate sanitation and health services are the variables 
chosen for basic public services. The figures for Colombia for the last 25 years are shown 
in Table 4.14. 
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Table 4.14 Percentage of people with access to public services 
Source: World Bank, 1995 (for data from 1970 till 1988 and 1997*) 
WRI, 1998 (for data of 1990-96); DANE, 2000 (for data of 1997) 
ACODAL, 2000 (for data of 1998) 
Percentage of Percentage of Percentage of 
population with access population with access population with access 
to safe drinking water to adeguate sanitation to health services 
Year Urban Rural Total · Urban Rural Total Urban Rural Total 
1970 88 28 63 
1975 86 33 64 
1980 88 
1985 100 76 92 
1988 
90-96 97 56 85 97 56 85 86 72 81 
1997 98.33 65.55 89.62 
1997* 88 76 
1998 90 64 
The data from Table 4.14 shows that overall there has been an improvement in the 
percentage of Colombian people with access to basic services in the last 30 years. 
However, there are some inconsistencies due to interrelated issues that have to be 
considered when reading and interpreting this data, after taking into consideration the 
different data sources. 
The first issue is the differences between rural and urban. Most unsatisfied needs 
concerning water and sanitation are in rural areas. This difference, between rural and 
urban, was higher in the early 70s than it is now, and this coincides with the fact that there 
is a tendency for fewer people to live in rural areas and for rural poverty to be higher. 
Colombian population trends can be seen in following Table 4.15. This means that the real 
numbers of people with access to basic services in rural areas could not be so large (in 
comparison with the total national), even if the percentage is increasing. This is due to the 
reduction in rural population. 
Another issue, the rapid urbanisation of the country, especially since thel960s, has been a 
significant phenomenon and it has been caused by migration from the countryside as well 
as natural growth. Although the figures for water supply and sanitation look better for 
urban centres, the people who have migrated and continue to migrate from the rural_ areas, 
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mainly due to poor economic conditions or violence, do not find adequate satisfaction of 
their needs such shelter, safe water and sanitation. This finding is supported also by the 
facts that access to safe water and sanitation seems to have declined in the 90s in the cities. 
Table 4.15. Population Trends in Colombia 
Source: Parra, 1999. WRI, 1998 (for data 1998). 
Year Population Degree of Urban Rural 
Urbanisation Population Population 
o;o 
1951 11,548,172 38.7 4,469,142 7,079,030 
1964 17,484,508 52 9,091,944 8,392,564 
1973 22,862,118 59.3 13,557,235 9,304,883 
1985 30,062,200 65.3 19,630,616 10,431,584 
1993 35,886,280 72.9 26,161,098 9,725,182 
1998 41,000,000 73 29,930,000 11,070,000 
In the case of Santafe de Bogota, the capital city, the figures for water supply and 
sanitation reported are 99% of households connected to the services (WRI, 1998). 
Nevertheless, this figure comprises only what the water authority calls urban perimeter, 
which is land under 2,800 meters above sea level (m.a.s.l.) The city is located in a valley in 
the Eastern mountains at an altitude of 2,600 m.a.s.l.; however, it extends to the nearer 
hills, and settlements reach an altitude closer to 3,000 m.a.s.l. Since the number of 
settlements out of the 'urban perimeter' is considerable, and they belong to low income 
groups, which take the water from nearby creeks and consume it without treatment, the 
total figure for access to safe water for the city should be lower. 
4.3.2.2 Effectiveness 
The relation of what people are paid and the cost of living is the indicator selected to show 
how effective the economy and the infrastructure systems are in Colombia, that is, if the 
effectiveness orientor is satisfied in the support system .. 
4.3.2.2.1 Hours of paid work required to meet basic needs at actual minimum wage 
According to El Tiempo (2000), in Colombia a nuclear family (two parents, two children) 
requires 5 times the minimum salary to live decently, that is, to satisfy their basic needs. 
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These basic needs or basic consumption items have been considered on a monthly basis for 
the case of living in a city: 
111 Food, 
111 Housing (rent as well as mortgage), 
111 House administration fees (which in Colombia is particularly high because it includes 
paying for security), 
111 Public services (water, electricity, telephone and gas), 
111 Transport, 
111 Children's education, 
111 Taxes, 
111 Health and pension contributions to the social security system; and 
111 Some leisure costs (once to the movies and to the hairdresser for all members of the 
family). 
To earn 5 times the minimum salary means necessarily for a low-median class Colombian 
family that both parents should be working in paid employment. For the lower income 
population, even if both heads of the household are working, both wages together are very 
unlikely to be more than 5 times the minimum salary and this means that people are 
deprived of some of those basic needs. 
4.3.2.3 Freedom of Action 
As an indicator of freedom of action, urbanisation figures are selected as examples for the 
support system. The urbanisation process, as a result of economic development, has forced 
people to live in concentrated settlements where more employment opportunities and better 
salaries are available, but at the same time this process has restricted the mobility of 
people. 
4.3.2.3.1 Percent of population living in cities 
Colombia's figures of urbanisation indicate that 27% of the population lived in cities of 
more than 1 million in 1995 (World Bank, 2000). Other urbanisation numbers for 
Colombia have been shown in Table 4.15. Latin America as a region has the highest 
urbanisation figures in relation to the rest of the developing countries. The numbers are 
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closer to the developed world. However, the patterns of Latin America's urbanisation are 
different with respect to developed countries. In Latin American countries most of the 
urban dwellers live in the largest city, compared to some of the developed countries where 
the urban population is more evenly distributed among all cities (for example West 
European countries). The data about characteristics of urbanisation in the Latin America 
region are shown in Table 4.16. 
In Colombia, there are four metropolitan areas (large urban agglomerations), the Capital 
City Santafe de Bogota, Medellin, Cali and Barranquilla. Around 1950s, the population 
distribution among the Colombian cities had an important characteristic that no single city 
was significantly larger (less than twice) than the next in size (Parra, 1999). By the 1990s 
the pattern has undergone some changes; Bogota's population consist of around 25% of all 
urban population and the gap between Bogota's population and the second biggest city, 
Medellin, is becoming larger (Parra, 1999). 
Table 4.16 Latin America & Caribbean Urbanisation Patterns 
Source: United Nations, 1995 
Agglomeration size Number of Percentage of population 
agglomerations living in urban areas 
relative to total J!Of!Ulation 
1950 1995 1950 1995 
Total urban areas 41.6 74 
1 0 million or more 0 3 0 12 
5 - 10 million 1 4 7.3 7.8 
1- 5 million 6 35 17.5 18 
500,000-999,999 5 52 5.1 10.3 
Fewer than n.a. n.a. 70.1 51.8 
4.3.2.4 Security 
To indicate if the support system (infrastructure and economy) is secure, indicators of 
energy, productivity and use, have been selected. Energy is a major resource; it plays a 
vital role for the economy of a country and subsequently for the whole system. In addition, 
for better illustration of the issue of energy in Colombia, other related information is 
presented. 
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4.3.2.4.1 Energy Productivity and consumption 
Table 4.17 illustrates the figures of energy production and consumption for Colombia's 
economy. Indigenous production of energy in all forms has increased 163% from 1985 till 
1995 (WRI, 2000). Mainly the production of solid and liquid fuel has contributed to this 
increase. Mineral carbon and petroleum have been very significant items of the country's 
exports. Hydrocarbons account for 21.3% of total exports and mineral carbon represents 
76% of mineral resources exported (DNP, 2000). Despite this fact, Colombia imports 
electricity at an increasing rate, 6220 percent since 1985 (WRI, 2000). 
Table 4.17 Energy production and consumption in Colombia 
Source: WRI, 1986 for data of 1983; WRI, 1994; for data of 1991; WRI, 1998, for data of 
1995 
Energy indicators 1983 1991 1995 
Total Commercial Energy Production (PJ) 770 1807 2242 
Solid Fuel (P J) 176 642 708 
Liquid Fuel (P J) 343 904 1247 
Gas Fuel (P J) 181 161 164 
Primary Electricity (P J) 71 100 123 
Commercial Energy Consumption 8 (PJ) 733 806 941 
PER CAPITA 27 25 25* 
* Calculated using Commercial energy consumption and population figure for 1995 from 
same source. 
The increase in energy use experienced worldwide is linked, in Latin America, and in the 
developing world, to the need for providing minimum services to an expanding population 
and satisfying basic requirements of industry (WRI, 1996). Use of energy is necessary for 
the expansion of basic infrastructure, such as housing, transport systems, roads and 
vehicles and industrial facilities as population and demand grow. 
Currently the total electricity consumption per capita (as only one part of commercial 
energy) in Colombia is lower than the average for Latin America. In 1997 Colombia 
consumed 885 KWh per capita where Latin America consumed 1402 KWh per capita 
(WRI, 1998). Although in Colombia, the electricity consumption tripled from 1970 till 
8 Commercial energy consumption is called "apparent consumption" because it is based on all 
domestic production plus net imports (imports minus exports) and minus net stock increases 
(World Bank, 1996). 
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1990, as shown in Figure 4.4, the per capita consumption of energy kept constant in the 
last few years and has started to decline since 1997. This relevant decrease in energy use is 
probably due to the economic recession of recent years, which carries a lack of 
infrastructure development (see Table 4.17 and Figure 4.4). 
Moreover, the population growth rate has been declining since 1985 and at the same time 
the electricity imports have risen. From the same Figure 4.4 it is possible to conclude that 
residential consumption accounts for even less than half of the total consumption and that 
most of the energy supplied is absorbed by other sectors such as industrial and commercial. 
Therefore, the increases in energy production achieved in the last decades are 
predominantly export-oriented and the electricity generation sectors have not coped with 
internal demands, mainly from industry, forcing the country to import electricity. 
The problems with electricity in Colombia became more evident in 1992. That was a year 
of the energy crisis. The effects of the El Nino climate phenomena on the country (long 
periods of drought) together with lack of planning and good management in the energy 
sector, mainly in the hydroelectric systems brought as a consequence a year of severe 
rationing in energy use. This fact can be appreciated in Figure 4.4 (but is most evident in 
Figure 4.5). Almost 70% of Colombia's electricity generation comes from the 
hydroelectric system (DNP, 2000). 
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Figure 4.4 Electricity Consumption in Colombia, 1970-1999 
Source: DNP, 2000 
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Another way of measuring energy productivity is through the relationship with Gross 
Domestic Product, GDP, of the country. In the last twenty years the use of energy in terms 
of the GDP has decreased, as shown in table 4.18. This decline means a lower energy use 
in relation to a unit of GDP, even though the GDP has increased 4.33% on average every 
year since 1970 (calculated from data from DNP, 2000). This measurement could represent 
a relative increase in energy efficien9y in Colombia. 
Table 4.18 Energy use in terms of GDP 
Source: Calculated based on data from World Bank, 2000a 
1980 1997 
Energy use per unit of GDP, 0.204 0.121 
Kg oil equivalent per PPP US$* 
*GDP calculated using Purchasing Power Parity rates 
Furthermore, if the rates of growth of GDP and electricity consumption are analysed over 
the last twenty years, it is possible to see that they are relatively linked as shown in Figure 
4.5. In 1992 due to the energy crisis the figure for electricity consumption is negative and 
considerably lower and also it had an effect on the figure of GDP. 
20~----------------------------------~ 
-10~----------------------------------~ 
r-==-Rate of growth GDP, % 
I - Rate of growth Electricity consumption, % 
Figure 4.5 Rate of Growth of GDP and Electricity consumption 
Source: DNP, 2000 
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4.3.2.5 Adaptability 
Education is one of the basic elements that contribute to a better quality of life for a 
society. Education enables people to have better opportunities of self-realisation and better 
possibilities to adapt to environmental and social changes, making public investment in 
education essential at all levels. These are the reasons for selecting Investment rate in 
Education as indicator for the adaptability orientor of the support system. 
4.3.2.5.1 Investment rate in Education 
The investment in education from the central government in Colombia is shown in Figure 
4.6 as expenditure in terms of GDP. The rate of expenditure has remained almost constant 
since the 1980s, at around 3% of GDP, with a slight reduction in recent years. Comparing 
this figure with other countries in the region, it appears that Colombia spends less in 
education than for example Mexico with 4.2% in 1993 and Cuba with 6.1 %, but almost the 
same as Ecuador, 2.7%, and Chile, 2.6%, in 1993 (Infonacion, 2000). However, with 
regard to developed countries, Colombia's investment in education is much smaller. New 
Zealand for example spent 7% in 1992 and Australia 5.1% in 1991 (lnfonacion, 2000). 
Public Expenditure in Education as % of GOP 
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Figure 4.6 Public Expenditure in Education as % of GDP in Colombia 
Source: DNP, 2000 
Nevertheless, the investment on education in Colombia in the last 20 years seems to have 
an oscillating pattern, when looking closer at Figure 4.7, where the public expenditure in 
education is presented in relation to all government expenditure. In the late 1980s there 
was a peak when a higher proportion of the total government expenditure went to 
education. It dropped to almost the same levels registered in the 1970, and in the 1990s 
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started recovering again very slowly. However, data from Figure 4.6 of most recent years 
(from 1996 onwards) shows that the investment in education drops again, which coincides 
with lower growth rates of GDP, and as a result, the education sector (from public 
investment) is actually getting fewer resources. 
Figure 4.7 Public Expenditure Education as% of Government Expenditure 
Public Education expenditure as %of government 
expenditure 
30 
20 
10 Ill I 0 
1970 1980 1984 1986 1989 1991 1993 
Source: UNESCO, 2000 
4.3.2.6 Coexistence 
1995 
Ecological footprint has been chosen as an indicator of the level of coexistence between a 
society and its environment. The ecological footprint is the estimate of the amount of 
ecologically productive land required on a continuous basis to sustain current levels of 
resource consumption and waste assimilation for a given population (Wackemagel, 1996). 
In addition, a sustainable footprint can be defined as the ideal one, which falls into the 
available capacity of the world but have the lower impact on land resources. Hence the 
relationship between the actual ecological footprint versus a sustainable footprint is 
essential to look at for this sustainability analysis. 
4.3.2.6.1 Ecological footprint vs. sustainable footprint 
Using data from Redefining Progress (2000) Map 4.1 was elaborated using geographic 
information systems, GIS, through overlaying functions9. A circle with the equivalent size 
represents the Ecological Footprint for Colombia in 1995. The main assumption for this 
9 Geographic Information Systems allow the manipulation of geographic data. This map is based 
on vector structure data, which means that every polygon, in this case every province, has a 
punctual datum. In addition, two polygon coverages are overlaid: Population Density and 
Ecological Footprint. 
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visualisation of the ecological footprint is that all land resources used are provided from 
the country itself. Colombia's ecological footprint is 2.3 ha/cap whereas its available 
capacity is 4.9 ha/cap. In addition, the world's available capacity is just 1.9 ha/cap. 
Although Colombia's ecological footprint is still lower than its available capacity and, as a 
consequence there is not a deficit (as shown by the size of the circle compared with the 
size of country), it is also possible to appreciate that there are conflicts with the population 
distribution and resources demand. The most populated provinces are located in the middle 
part of the country (the provinces with more than 55 people per square kilometre). They 
are few but they are using or demanding most of the land resources of the country. 
Therefore, Colombia could be far from achieving a sustainable footprint because of 
inequalities in distribution of resources at the interior of the country, which are relevant 
issues when assessing sustainability of the whole. 
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Colombia 
Ecological Footprint 
Conflict Map 
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0.34 - 3.49 
3.49 - 14.66 
14.66 - 66.66 
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Eaf96.shp 
Map 4.1 Ecological Footprint Conflict of Colombia10 
Source: Ecological Footprint data from Redefining Progress, 2000 
Population Density data from DNP, 2000 
Note: Ecf95.shp represents the Ecological Footprint size of Colombia with data from 1995 
4.3.2.7 Psychological Needs 
For the psychological needs orientor migration patterns are selected as indicator for the 
support system in Colombia. Migration in Colombia can be seen as a response of the 
people who are suffering stress and frustration for the lack of opportunities due to 
problems with the infrastructure and economic systems in their places of origin. Although 
migration, and international migration, has increased worldwide, in developing countries it 
is motivated mainly by poverty and conflict (UNFPA, 1998). 
10 For other studies of the GIS incorporation in sustainable development indicators see Langaas 
(1997) and Winograd (1996). They conclude that the strong points for the implementation of GIS 
in indicators are the possibilities for data manipulation, data visualisation, use of databases and also 
the linkages of GIS and Internet data. 
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4.3. 2. 7.1 Migration patterns 
Colombia has presented very dynamic patterns of migration, characterised by high interior 
mobility towards areas of relatively higher economic developments, mostly rural to urban 
migration but also a few rural to rural. In table 4.19 is presented the highest emigration 
numbers by province in Colombia. Indeed, some of the provinces with higher emigration 
rate have been suffering from the armed conflict mentioned in a previous chapter. 
Noticeably, provinces located far away from main economic centres (i.e. Amazonia and 
Orinoquia Region) have as large emigration numbers as some located closer (i.e. Andean 
Region). The lower emigration numbers correspond to the more urbanised provinces 
including the capital city. 
As an example of another country of the regiOn, in Mexico 5 percent of population 
emigrated between 1990 and 1995 from their place of origin to another locality at the 
interior of the country (INEGI,2000) 
Table 4.19. Highest Emigration Rates in Colombia 
Source: DNP, 2000 
Province (Region) 
Guaviare (Amazonia) 
Caqueta (Amazonia) 
Meta (Orinoquia) 
Quindio (Andina) 
Tolima (Andina) 
San Andres (Atlantica; Island) 
Vichada (Amazonia) 
Casanare (Orinoquia) 
Boyaca (Andina) 
Guainia (Amazonia) 
Arauca (Orinoquia) 
Cesar (Atlantica) 
Cundinamarca (An dina) 
La Guajira (Atlantica) 
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Emigration rate per 1000 
people From 1988 - 93 
48.73 
29.79 
29.47 
26.85 
25 .95 
25 .53 
25.40 
24.95 
24.05 
23 .99 
23.41 
23 .24 
22.95 
22.88 
4.3.3 Natural Subsystem 
4.3 .3.1 Existence 
The study of the patterns and changes of land use could provide an indicator of the basis 
for the existence of the natural system of the country. Whether Colombia as a system is 
compatible and able to exist in its environment is considered here through looking at the 
Loss of agriculture land and forest. 
4.3.3.1.1 Loss of agriculture land and forests 
Before going to analyse the losses of agriculture land and forest as indicator, is relevant to 
mention the current land use patterns for the whole country. Land use categories looked at 
are cropland, permanent pastures, forests and woodland and other land uses. This 
classification is based on the data reported by WRI (2000). Cropland includes land under 
temporary and permanent crops, as well as temporary meadows and fallow. Forest and 
woodland encompasses land under natural or planted stands of trees. Under other land uses 
are included uses as uncultivated land, grassland not used for pasture, built on areas, 
wetlands, wastelands and barren land, and roads (WRI, 2000). Figure 4.8 shows recent data 
for land use in Colombia. 
Land Use in Colombia, 1992-94 
Figure 4.8 Land Use in Colombia, 1992-94 
o Cropland, % 
Permanent pasture,% 
o Forests & Woodland, 0A 
oOther Land,% 
Source: Percentages are calculated based on data from WRI, 2000 
Figure 4. 8 indicates that forests and woodland, with 51%, and permanent pastures, with 
39%, occupy the largest extensions of Colombian territory. The remaining 10% is 
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distributed evenly between cropland and other uses. However in terms of agricultural 
output Colombia is divided between crops (two thirds) and livestock (one third). The 
agricultural sector, including forestry and fisheries, accounts for approximately 14 percent 
ofGDP and employs 28.5 per cent of the labour force (FAO, 2000). 
In the last 40 years the use of land in Colombia has, apparently, undergone only slight 
changes; this is shown in Figure 4.9. In the percentage distribution, permanent pasture and 
other land uses have increased a little while cropland has remained almost constant with 
regard to the total land area. On the other hand forestland has been reduced; although in 
percentage terms with regard to the total land the change is still very small, nevertheless in 
terms of real numbers the changes are more significant. 
60.00 ,.,...,.== 
50.00 
40.00 
30.00 
20.00 
10.00 
Changes in Land Use in Colombia 
0.00 +'-_.__...J.-.,1;;.,;=.-.-...-'---"-r-'----'-'--r-'---~ 
1965 1975 1985 1990 
Figure 4.9 Changes in Land Use in Colombia, 1965-90 
Source: FAO, 2000 
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According to the data from FAO (2000) in 1961 there were 59,000,000 hectares of forest 
and woodland, and comparing this with the number given in the same source for 1990, of 
54,299,000 there is a loss of approximately 162,000 hectares per annum. However, most 
recent estimations of the Ministry of Environment in Colombia (2000) indicate that every 
year between 600,000 and 900,000 hectares are deforested. 
Another interesting indicator related to appropriate land use used by WRI is 'Domesticated 
Land'; this represents roughly the degree to which national landscapes have been heavily 
modified through agricultural use. Domesticated land is defined as the sum of cropland and 
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permanent pasture land uses (WRI, 2000). Table 4.20 presents the figure for domesticated 
land for some Latin American countries, including Colombia, together with the data of 
total land area and population density. 
Table 4.20 Domesticated Land for some Latin American Countries 
Source: WRI, 2000 
Total Indicators Colombia Argentina Mexico 
T otalland area, 000 103,870 273,662 190,869 
ha 
Population density, 351 129 486 
per 1 00 ha, 1996 
Domesticated land, as 45 62 55 
a % of land area, 1994 
Peru 
128,000 
187 
24 
Colombia is the fifth largest country in Latin America (that is both South and Central 
America), however the third most populated, after Brazil and Mexico. On average the 
domesticated land in South America is 35%, while in Central America it is 53%. The 
Colombian figure is just in the middle of this range; nevertheless it is indicating a 
considerable degree of transformation of the original or remaining natural landscape 
through agricultural use, mainly the increase in pasture land. Taking into consideration that 
most of the deforested land is subsequently used for pasture an increase in domesticated 
land could be an indirect indicator ofthe loss of forestland. 
4.3 .3 .2 Effectiveness 
The effectiveness category concerns the effective use of resources. The ratio between 
emissions and economic output gives a measurement of how efficient and effective the 
system is in the production of Carbon Dioxide (C02), one of the main greenhouse gases. 
Therefore, Greenhouse gases emissions per economic output is selected as indicator for the 
effectiveness orientor in the natural system. When referring to carbon emissions from 
fossil fuel combustion within an economy this indicator is also called 'carbon intensity' 
(Worldwatch Institute, 2000). 
57 
4.3.3.2.1 Greenhouse gases emissions per economic output 
Colombia's most recent figures for C02 emissions from industrial processes and their 
relation to the economic output11 are shown in Table 4.21. Industrial processes, that 
generate C02 from the burning fossil fuels and the production of cement, constitute the 
predominant anthropogenic source of greenhouse gases. For comparison, data from other 
South American countries are also included in Table 4.21, more precisely the bigger 
economies of the subcontinent. 
Table 4.21 C02 emissions from industrial processes per economic output for some 
South American countries in 1995 
Source: Calculated based on data from WRI, 2000 
1995 C02 Total C02 Emissions GDP, Emissions per economic 
emissions, 000 per capita, million US output, C02 metric tons/ 
metric tons metric tons 103 US GDP 
Venezuela 180243 8.2 75016 2.403 
Bolivia 10475 1.4 6131 1.709 
Colombia 67524 1.9 76112 0.887 
Chile 44104 3.1 67297 0.655 
Peru 30561 1.3 57424 0.532 
Argentina 129464 3.7 281060 0.461 
Brazil 249196 1.6 688085 0.362 
The largest emissions of the subcontinent come from Brazil, however it is the most 
efficient in relation to its economic output. Brazil is among the most 'industrialised' 
countries of the region. Venezuela has the highest emissions per capita and has as well the 
highest emissions per economic output ratio; this means higher unit of C02 emissions per 
unit of economic output. Colombia is in the top three most inefficient countries of this 
selected group. Although this ratio has overall declined with various fluctuations in the last 
twenty years, see Figure 4.1 0, at the same time the industrial emissions have constantly 
increased as illustrated in Figure 4.11. 
11 The indicator selected for economic output was GDP, since it measures the final output of good 
and services produced by the domestic economy. 
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Figure 4.10 Colombia's C02 industrial emissions per economic output 
Source: World Bank, 1995 
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Figure 4.11 Colombia's C02 emissions from industrial sources 
Source: World Bank, 1995 
On the other hand, C02 anthropogenic emissions also originate from land use change, 
principally deforestation. In Colombia, in 1991 there was 110,000,000 metric tonnes of 
C02 released by land use change and this datum is more significant, being almost double 
the emissions from industrial processes of 61,493,00 metric tonnes for the same year 
(WRI, 1994 ). 
4.3.3.3 Freedom of action 
The satisfaction of the freedom of action orientor allows the system to cope with 
challenges posed by environmental variability. The native forest, of unmeasurable value 
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itself, plays a very important role in the current balance of C02 emissions therefore it has 
been selected as an indicator of freedom of action of Colombia's natural system. 
4.3.3.3.1 Fraction in Native forest 
Data from the World Resources Institute in 1992-94 showed that half of the land in the 
country was under forests and woodland, see Figure 4.8. One of Colombia's greatest 
resources is the tropical rain forest of the Amazon Region and the El Choc6 on the Pacific 
Coast. The tropical rain forests are a crucial resource for the World in terms of 
biodiversity, absorption of carbon dioxide and as a source of wood and forest goods, such 
as food and medicinal plants. At the same time, it is the home for numerous indigenous 
groups. Latin America and the Caribbean comprise half of the world's humid tropical 
forests (MacKerron, 1995); by 1995 in Colombia there were 52,862,000 hectares of natural 
forests (WRI, 2000). 
For the Ministry of Environment in Colombia (2000) the native primary forest, the one that 
has not been affected for agriculture and wood crops and human transformation, is 
estimated to occupy 44.8% of the total area of the country. Secondary forests, which have 
been modified by human intervention through selective processes of felling and fire for 
agriculture and forestry products, account for 4% of the territory. Lastly the forest 
plantations of wood species for economic purposes represent approximately 0.1 %. Table 
4.22 shows the distribution of forest in Colombia by regions. 
Table 4.22 Forest in Colombia by Regions (ha) 
Source: Ministry of Environment, 2000 
Regions Total Area Potential Actual Native Deficit For Forest 
Area of Forest Cover Deforestation Plantations12 
Native Forest Area 
Colombia 114'374.185 83'408.117 53' 100.000 30'123.000 304.206 
Athintica 11 '526.305 5'320.597 500 4'821.000 19.751 
An dina 29'661.930 20'199.775 7'700.000 12'400.000 182.151 
Pacifica 10'259.575 9'592.702 5'500.000 4'000.000 94.717 
Amazonia 40'500.000 35'281.052 32'300.000 2'981.000 1.803 
Orinoquia 22'284.232 13 '013.991 7' 100.000 5'921.000 5.784 
12 There is a small disagreement regarding the forest plantation percentage. If calculating it from 
the data from the table the percentage with regard to total forest area is abut 0.2%, while in the 
same source (Ministry of Environment, 2000) in the text is written 0.1 %. 
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The consequences of the increase in deforestation rate and, as a result, in the loss of 
forestland and forest ecosystems are considerably negative. From one viewpoint, 
deforestation threatens extinction of all forms of life supported by the forest; tropical 
forests possess at least half or perhaps more of the world's plant and animal species 
(MacKerron, 1995). From another viewpoint, deforestation diminishes and depletes a 
valuable resource. The Ministry of ~nvironment in Colombia points out in its home web 
page that with the present deforestation rate the native forest will disappear in 40 years 
(2000). Furthermore losses in forestland have enormous consequences for the life of 
indigenous groups, whose livelihoods are in mutual relationship with the forest. 
4.3.3.4 Security 
Whether the system is able to protect itself from the detrimental effects of environmental 
change is studied under the security category. For environmental changes the climate 
phenomenon of El Nifio will be considered here. Climate changes, whether natural or 
human induced or a combination of both, have imposed changes on the ecosystems and 
society. 
4.3.3.4.1 Consequences of the climate variability: El Nino phenomenon 
El Nifio is the strongest natural interannual climate fluctuation, with a frequency between 
two and seven years (Timmermann, 1999). It refers to a warming of the Tropical Pacific 
basin that occurs in association with a weakening of the trade winds. The flip side of El 
Nifio is la Nifia and it is characterised by stronger cold sea surface temperatures and 
stronger trade winds (McPhaden, 1999). Both related phenomena are known as the El Nifio 
Southern Oscillation (Timmermann, 1999). Although El Nino originates in the equatorial 
waters of the Pacific Ocean it influences the entire global climate system. 
El Nifio phenomenon has been known to fishermen in the South American Pacific Ocean 
since ancient times. It used to occur around Christmas time and therefore its name, The 
Child, in Spanish (World Meteorological Organisation, 1986). However, the marked 
effects of this phenomenon started to be known more recently. The strongest effects of the 
El Nifio phenomenon have been felt in 1982-83 and 1997-98. 
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In Peru the physical damage caused by the 1982-83 's El Nino was estimated as $US 1,996 
millions (World Meteorological Organisation, 1986). Furthermore, a loss of 23,000 lives 
and $US 33 billion in damage was caused by El Nino of 1997-98 years (McPhaden, 1999). 
These figures comprise mostly losses in farming, fisheries and infrastructure, without 
taking into account the inestimable ecological and archaeological losses. 
Some of the direct effects of El Nino on the Colombian environment that the Colombian 
Institute of Hydrology, Meteorology and Environmental Studies, IDEAM (2000), has 
identified are: 
111 The surface temperature of a large extension of the Pacific Ocean has presented 
increases of 2- 3°C above normal patterns, of 25 and 26 °C, at the times of El Nino 
phenomenon. As a consequence diverse marine ecosystems have been altered, mainly 
corals, and various marine life species, such as whales and turtles, have changed their 
migration paths. 
111 In the Pacific Coast cities of Tumaco and Buenaventura the sea level has increased 
between 20 to 40 centimetres during El Nino years. 
111 With respect to climate effects, The El Nino phenomenon 1s affecting the mr 
temperature and precipitation patterns. 
111 In the Pacific Region, in the valleys of the Andes Region and in the Atlantic Coast of 
the country there has been an evident increase of the air temperature during the day. In 
addition, there is a decrease in the air temperature in the early morning, which has 
caused unexpected frosts in the highlands and tablelands. 
111 The rainfall regimen has had different alterations in the different years of El Nino. 
However, generally there is a deficit of rainfall in the Andes and Atlantic Regions and 
northern part of the Pacific Region. In contrast, at the same time there is a heavy 
rainfall in the southern part of the Pacific Region, the eastern shed of the Cordillera 
Oriental and some places of the Amazon Region. 
111 Other consequences of the drought periods resulting from El Nino are the increase of 
the UV radiation that affects the northern part of the country and the higher risk of 
forest fires. 
111 As a result of the changes in the rainfall and in the related hydrological cycle, there 
have been changes in the water dynamic, availability and distribution. In some regions 
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the deficit of water has reached more than 30 %, which has considerable consequences 
for potable water supply systems, irrigation systems and electricity generation. 
4.3.3.5 Adaptability 
To satisfy the adaptability orientor the natural system should be able to learn, adapt and 
self organise to generate more appropriate responses to challenges posed by environmental 
change. Water is an infinitely precious resource; it plays vital roles for human and natural 
systems. Anthropogenic pollution, such as the discharge of wastewater from municipal, 
agricultural and industrial sources without treatment, reduces the water's quality and 
affects its ability to recover itself from the environmental variability. At the same time 
dependant water life, human and support sub-systems are affected. In fact, worldwide 
around 10 million people or more die annually due to dirty water, causing at the same time 
untold economic damage (Hinrichsen, 1996). Therefore, Unpolluted Waterways has been 
selected as indicator of adaptability of the natural system. 
4.3.3.5.1 Unpolluted waterways 
In developing countries the lack of wastewater treatment is very significant. Most of the 
water discharges from both urban and rural uses go directly into the waterways, rivers, 
lakes and oceans, without previous treatment. This has a considerable effect on other 
subsequent uses of the waterways downstream. In China, for example, approximately 700 
million people--over half the population--consume drinking water contaminated with 
levels of animal and human excreta that exceed maximum permissible levels by as much as 
86% in rural areas and 28% in urban areas (Wu, 1999). In addition, in Mexico City the 
water supply source is rapidly being depleted and is becoming increasingly vulnerable to 
contamination to the extent that the Basin of Mexico is incurring groundwater pollution, 
land subsidence, and changes in groundwater flow (Shannon, 1996). 
By 1995 in Colombia only 4% of all municipalities had some wastewater treatment system 
(Plan Nacional de Agua, 1995 referenced in Parra, 1997). Colombian rivers receive the 
majority of water discharges from all socio-economic activity of the country as well as the 
sediments originated from erosion processes. Concentrations of solid particulate as high as 
2000 mg/litre have been found in the rivers of the Andes region (IDEAM, 2000), where 
most of the population live. As a result of this type of pollution being a combination of 
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municipal, industrial and agricultural waste, the absorption of sunlight and oxygen in the 
water are limited, resulting in its reduced capacity for natural biodegradation and 
purification. As a consequence Colombian rivers in the Andes and Atlantic regions are 
considered of high risk for human use and demand high costs for treatment due to 
cumulate levels of pollutants. 
4.3 .3 .6 Coexistence 
Coexistence and interaction with other sub-system are essential for a viable overall system. 
As an indicator of the degree of coexistence of the natural subsystem the endangered 
species have been selected. The human population cohabits the planet with a large number 
of other species, however at present the relationship of human with non-human species has 
not been respectful enough resulting in the threatened and actual extinction of many animal 
and plant species. 
4.3.3.6.1 Endangered species 
Worldwide the global extinction crisis has shown dramatic declines in populations of many 
species. A total of 11,046 species of plants and animals are threatened, facing a high risk of 
extinction in the near future, in almost all cases as a result of human activities 
(Conservation International, 2000). Since 1996 the actual number of critically endangered 
species has increased, despite all convention and biodiversity conservation agreements. 
Colombia is one of the countries of the world with high biodiversity due to its position, 
close to the Equator and its physical geography; the Andes mountains, the Amazon and 
Choc6 jungles and two large coasts on the Pacific and the Atlantic Ocean. Colombia holds 
between 10% and 14% of all biological diversity of the planet and its surface area accounts 
for just 0.8% (Ministry of Environment, 2000). Table 4.23 shows the countries with the 
highest biodiversity in the world by number of species, indicating Colombia's privileged 
position. 
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Table 4.23 Countries with higher biodiversity by number of species 
Source: Colombian Ministry of Environment, 2000 
Country Vascular Mammals Birds Reptiles Amphibious 
Plants 
Colombia (2) 456 (4) 1815 (1) 520 (3) 583 (1) 
Brazil (1) 524 (1) 1622 (3) 468 (5) 517 (2) 
Indonesia (3) 515 (2) 1531(5) 511 (4) 270 (6) 
Mexico (5) 450 (5) 1050(10) 717 (2) 284 (4) 
Venezuela (7) 288 (10) 1360 (6) 293 (13) 204 (9) 
Ecuador (8) 271 (13) 1559 (4) 374 (8) 402 (3) 
Peru (9) 344 (9) 1703 (2) 298 (12) 241 (7) 
Australia (13) 282 (12) 751 (14) 755 (1) 196 (11) 
Madagascar (15) 105 (17) 253 (17) 300 (11) 178 (13) 
China (4) 499 (3) 1244 (8) 387 (7) 274 (5) 
PhiliEEines (17) 201 (16) 556 (16) 193 (17) 63 (17) 
India (12) 350 (8) 1258 (7) 408 (6) 206 (8) 
Papua New Guinea (11) 242 (15) 762 (13) 305 (10) 200 (10) 
USA (10) 428 (6) 768 (12) 261 (16) 194 (12) 
Malaysia (14) 286 (11) 738 (15) 268 (14) 158 (14) 
South Africa (6) 247 (14) 774 (11) 313 (9) 95 (15) 
Democratic (16) 415 (7) 1094 (9) 268 (14) 80 (16) 
Republic of Congo 
Note: The number in the parenthesis is the position with respect to the world in number of 
species and the actual number corresponds to the total number of each particular specie. 
Nevertheless, a considerable number of species in the country, indigenous and non-
indigenous, are facing threats to their existence. The impact of human activities has 
severely affected the habitat of these speCies. In Colombia, primarily activities such as 
deforestation and expansion of agriculture have largely modified forests and rivers, which 
are natural habitats for animals and plants. But also other human activities, such as the 
illegal trade of fauna and flora and also hunting, are contributing to the risk of extinction 
for some species. Table 4.24 shows Colombian figures of threatened species by 1996. 
Table 4.24 Colombia's endangered species. 
Source: WRI, 2000 
------------------------------------Species Threatened species 
Birds 64 
Mammals 35 
Reptiles 15 
Amphibians 0 
Freshwater fish 5 
Higher flowering plants 376 
Note: Data of 1996, except for higher plants data of 1993. 
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4.3.3.7 Psychological Needs 
Psychological needs are a system-determined basic orientor, in contrast with previous 
orientors, such as adaptability, security, freedom of action, etc., which were environment-
determined. Only sentient beings can experience psychological needs. Depending on their 
culture, communities of human beings have developed a sense of awareness and concern 
regarding the state and changes in their. environment. The degree of psychological stress 
about the environment has increased as many people are suffering direct consequences of 
environmental degradation, for example communities that live closer to industrial 
complexes and cities are exposed to air pollution levels that have health consequences. 
4.3.3. 7.1 Level of concern about resources and environment 
To demonstrate the level of concern or awareness of Colombian people with regards to 
Colombia's environmental changes, the number of grass roots non-governmental 
organisations is explored here. As an illustration the changes in environmental legislation 
are also commented upon. 
At an institutional level, before 1993 Colombia had a very disperse environmental 
legislation. However it was not until 1993 that a proper Environmental Law was 
sanctioned and The Environmental National System (SINA) was created. The SINA in 
Colombia comprises norms, orientations, resources, programs and institutions to carry out 
the environmental polices and laws according to the 1991 National Political Constitution. 
The head institution at national level is the Ministry of Environment, at regional level there 
are 'Corporaciones Autonomas' which are the environmental authorities. National research 
institutes are part of SINA, such as the Institute of Hydrology, Meteorology and 
Environmental Studies, already mentioned in this chapter. SINA is also integrated by the 
non-governmental organisations, NGOs. 
With regard to NGOs, just for the province of Cundinamarca, where the capital city and 
the major industrial area of the country are located, more than 70 non-governmental 
organisations are registered as environmentalists within the Ministry of Environment 
2000). In the province of Choc6, in the richly bio-diverse rain forest of the Pacific Region, 
there are 25 NGOs registered. However for provinces of the Orinoco region and some of 
the Amazon region there are no registries in the same database of the Environment 
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Ministry. Centralisation is still a big problem for those remote and isolated regions of the 
country. Greater support from the government would ensure more consolidated 
organisation of the communities, whose awareness for conservation is believed to be 
higher since the majority is from the indigenous population. 
4.4 Summary 
This chapter has described an extensive list of sustainability indicators by orientor 
categories and by three major subsystems: human, support and natural. Diverse sources 
were consulted aiming to provide a true picture of Colombia's situation. 
A summary of the indicators of sustainability for Colombia is shown in Figure 4.12. This is 
a matrix that illustrates the state of every indicator with a correspondent traffic light (Peet 
and Peet, 2000). According to the trend or situation described in the chapter for every 
indicator a red, yellow or green light has been assigned to it. Thus a red light indicator 
means that the orientor or basic need it represents is not adequately satisfied. This, in turn, 
means a threaten for the sustainability of the whole system. Therefore, The red and yellow 
lights in the matrix will be subject to a further analysis in the following chapter. 
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Figure 4.12 Traffic light matrix as summary of the Sustainability indicators for Colombia 
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Chapter 5. Mapping the Sustainability Analysis though 
Conceptual Models 
The objective of this chapter is to analyse and draw conclusions concerning the data that 
was collected and described on indicators of sustainability for Colombia From the 
application of Bessel's framework for the system of Colombia 31 sustainability indicators 
were described, within the data available, for the three subsystems, human, support and 
natural. A follow-up of the systems methodology will be done. That is, to consider the 
relationship between the subsystems and their elements and to find whether or not the basic 
needs or 'orientors' of the whole system are satisfied in such a way as to ensure 
Colombia's viability and sustainability. 
For that purpose this chapter will be divided into two sections: 
0 General Review: this is the overall conclusion on the facts and trends described in the 
indicators and how they relate to the orientors or basic needs of the whole system, 
0 Specific Review: that is to look at every subsystem, its elements and their relationships. 
Conceptual models will be drawn to visualise causal relationships based on the 
information gathered. 
These two elements of analysis will enable us to answer the research questions of this 
thesis: whether Colombia can offer to its people a sustainable living and what the key links 
are between water resources and sustainability in the context of Colombia. 
5.1 General Review 
Taking into consideration the definition of sustainability adopted in this study 13 , the first 
conclusion upon reading the indicators for all human, support and natural systems and the 
13 The definition of Sustainability adopted and used for this thesis, which is discussed in a previous chapter, 
is as an ethical principle, and refers to "for sustainable living all people have their basic needs satisfied, so 
they can live in dignity, in healthy communities, while ensuring the minimum adverse impact on the natural 
system, now and in the future" (Peet and Peet, 2000:3) 
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summary matrix (Figure 4.12) is that Colombia, as a whole system, is not offering a 
sustainable living to its people. This assertion given the worldwide trends is predictable. 
However, in the case of Colombia, it has a critical dimension. 
The average standard of living of the Colombian population is decreasing. The increase of 
poverty and the percentage of peopl~ with unsatisfied-basic-needs indicate a critical 
deterioration in the quality of life for Colombians and a real threat to their existence. The 
unemployment rate and unemployed numbers growing at the same time as increases in the 
cost of living, clearly indicate the lack of freedom of action for the people to secure 
themselves better opportunities. 
The intensification of the internal armed conflict and its consequences shows how the 
Colombian population's need for security is not satisfied. Moreover, the disintegration of 
Colombia's society is another high cost of this continuous political struggle, which 
threatens lives and violates fundamental human rights. This in tum shows, in a broader 
sense, the lack of effectiveness of Colombian social organisations, institutions and 
Government to deal with and to interact with other systems' elements (coexistence 
orientor). 
Another important factor in the satisfaction of the psychological needs orientor is the right 
to have and enjoy a pure and healthy environment. Nevertheless, Colombia's great 
biodiversity, native tropical rain forests and endowment of natural resources, such as 
water, are threatened with extinction. This destruction of natural and cultural heritage 
undermines the essential elements for what is referred to here as sustainable living of the 
Colombian community. Furthermore, urbanisation and violence have pushed the majority 
of Colombians from the countryside to crowded urban settlements where a clean 
environment is very rare, and water and air pollution are striking problems. 
On the other hand, only a few indicators show positive trends, such as literacy, life 
expectancy and population growth rate, indicating that needs within human and support 
sub-systems are being satisfied mostly for the adaptability orientor. However, access to 
education, one of the key elements here, is becoming increasingly affected by the 
contemporary restructuring measures of Colombia's economy, such as privatisation. This 
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in the long term affects the ability of people to generate appropriate responses to the 
environmental - societal changes simultaneously affecting their living standards. 
These preliminary general conclusions of the sustainability indicators, apart from 
demonstrating how vital it is to analyse the sustainability of a developing country, with all 
the particular situations of Colombia, lead us to explore the specifics of the problems. 
5.2 Specific Review through Conceptual Models 
5.2.1 Preamble 
To look in detail at each subsystem it is necessary to disaggregate them into their elements 
and interrelationships. As explained earlier, in the methodology chapter, every 
subsystem-human, support and natural--consists of 'potentials', which are the most 
essential elements that should be maintained for the sustainability of the whole system. 
The identification and analysis of the potentials of the system, their changes and behaviour, 
will allow us to find the unsustainabilities or most unsatisfied needs of the country. In 
order to achieve this, the proposed step is to go through the subsystems to determine the 
essential potentials and then to elaborate 'conceptual models' for them. 
5 .2.1.1 What are conceptual models? 
A model is a representation. Hartmut Bossel, in his research about modelling, asserts that 
simplified and aggregated models need to be used in order to describe a real system; and 
these models "-hopefully- contain the essential features of the real system" (1998:37). 
Similiarly, Ford in Modelling the Environment states that a model "is a substitute for a real 
system" and those models are useful because they can be manipulated and in that way 
"they help to learn something about the real system they represent" (1999:3). 
Thus in the context of studying sustainability, models are human made pictures of the 
world that surrounds us; they enable us both to understand the complexity of the systems 
that support life, in all forms, and their interaction with the systems created by humans, for 
example the economy and infrastructure system. 
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Senge in The Fifth Discipline (1990) calls these models mental models because they show 
the way people see their world and how it works. Similarly, Sterman (2000) uses mental 
models as the interface between the real world and the virtual world. The virtual world 
comprises formal models and simulations, which allow experimentation and play a 
successful part in learning about complex systems. 
Since the world to be modelled is not simple, models can be developed further and be 
complemented with mathematical formulations and simulations for dynamic and complex 
situations. Nevertheless, for this thesis the models utilised are just the mental models and 
considerations of the author and they are simplifications of the reality in Colombia. 
For this study simplified pictures or representations of Colombia's essential sustainability 
elements (potentials) will be suggested and they will be called conceptual models. The 
process of developing conceptual models attempts to gain an understanding of the main 
factors that influence the sustainable living of Colombian people, the way they are 
affecting the identified potentials and how they are interrelated. 
The starting point is Hartmut Bossel's conceptual model based in systems theory. For 
Bossel the world is represented through the interaction of systems, a 'world of systems' 
(1998:35) as described in Chapter 3. Thus, the conceptual models suggested for Colombia 
will be linked with Bossel' s model for the world. The sustainability indicators for 
Colombia, derived from Bessel's methodology, support the conceptual models as well. 
5 .2 .1.2 Model elements 
The systems of interest here are 'state determined systems' (Bossel, 1998). In order to 
describe and model these systems it is necessary to identify the most relevant variables. 
Their state is central for the development of the system so they are called 'state variables'. 
Moreover, for the complete description of the system it is necessary to use other variables 
that are called 'parameters'. Their values affect the state variable but they are independent 
of the system (Bossel, 1998). 
For the conceptual models suggested here the potentials will be the state variables. Given 
that for the sustainability and viability of a system the potentials are vital, they will become 
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the state variables of the analysis of Colombia as a system. In addition, the elements or 
variables that determine the changes on the potentials will be the parameters. 
5 .2.1.3 Influence Diagrams and Feedback Loops 
Once the state variable and the parameters have been identified, the relationship between 
variables should be established. In order to do so 'influence diagrams' will be used. 
Influence diagrams are a technique to illustrate the cause and effect relationships or 
connections between variables. 
Each influence or causal relationship has an associated direction and polarity. Thus one 
variable, the cause, can affect another one, the effect, in a positive or a negative way, 
depending on whether the increase in the cause leads to an increase or decrease in the 
effect. 
B 
Figure 5.1 Simple Influence Diagram. Positive connection between A and B, meaning 
both variables change in the same direction and A causes B. 
Besides, the influence diagrams allow the representation of loops, also called causal loops 
or feedback loops. To identify the type of feedback or overall polarity of the loop it is 
necessary to count the number of opposing links. An even number of opposite links 
implies positive feedback and an odd number implies negative feedback (Vensim User's 
Guide, 198 8-1994 ). A positive feedback is known as reinforcing whereas a negative 
feedback is a balancing feedback. 
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Figure 5.2 Negative Feedback Loop 
What follows is an attempt to elaborate the conceptual models for the potentials of 
Colombia, which are recognised as fundamental for the sustainability of the total system. 
Influence diagrams will be utilised and they will be based on Bossel' s model. 
5.2.2 Quality of Life as a Potential of the Human Subsystem 
The selection of this potential is based on the elements suggested by Bossel in his model of 
the anthroposphere and its systems (Bossel' s original model is shown as Figure 3.2 in the 
chapter three). Within the human system there are three major systems. The make up of 
these subsystems is based on a number of elements that were described in detail in the 
Methodology chapter. 
For the study of the human subsystem in Colombia it is proposed to focus on the concept 
of Quality of Life as a potential. This is because Quality of Life can be seen as an 
aggregate or as a synergic notion, where only the satisfaction of all the fundamental needs 
of people, in all dimensions, enables them a Quality of Life. In other words, Quality of 
Life represents the potential that should be maintained in order to achieve sustainability 
and viability for the human system. 
Furthermore, this concept matches other sectors suggested by Bossel. For example, he 
suggests (1999) that individual development comprises civil liberties and human rights, 
equity, health, qualifications, life planning horizon, among others. Ultimately, all of these 
sectors represent potentials within the individual development system and Quality of Life 
combines some of these. 
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Figure 5.3 The Potential of Quality of Life within Bossel's model for the 
anthroposphere 
Note: In the upper part of this diagram Socal should read Social 
5.2.3 Conceptual model for the Quality of life 
In order to gain a deeper insight into the dynamics of the Quality of Life a conceptual 
model will be developed. Quality of Life will be the state variable of the model because it 
represents the main stock variable that grows or depreciates as a result of the interaction of 
other variables, such as health, employment, community ties or human rights in the 
country. 
The next step for building up the model is to identify the parameters or those variables that 
affect the Quality of Life of the Colombian people. There are variables that have a direct 
causal relationship with the Quality of Life of an individual in the Colombian context; they 
are determinant factors. However, variables affecting indirectly the Quality of Life or its 
determinant factors are also taken into account. 
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5.2 .3 .1 Assumptions 
Before going into the details of the model it is important to make clear that this model is 
preliminary and it is subject to study and improvement. Moreover, it is developed on the 
basis of various assumptions, which have to be taken into account for the model's validity. 
Some of the assumptions and considerations are: 
111 Quality of Life for a Colombian varies depending on whether you are a campesino 
(peasant) or a resident of a city. Since currently more than 70% of Colombians live in 
urban areas, this model has taken account of this situation. Nevertheless, most of the 
factors could be seen as being the same but with different intensity. 
111 Various variables conceived from the indicators of sustainability for the three 
subsystems -human, support and natural- were studied and selected as influencing 
the Quality of Life of a Colombian. Each of these variables selected is linked in the 
influence diagram with the subsystem that it comes from, referring to Bossel' s model. 
111 The intensification of the internal armed conflict was selected as an indirect parameter. 
The assumption is that an individual is not directly involved in the armed conflict 
(belonging to guerrillas or paramilitaries or army groups) or that he/she is not a victim 
of the crossfire. However, phenomena like displacement, danger and psychological 
effects, like fear, are assumed to be the influence or consequences of the conflict. 
111 Poverty as a variable here refers to measurements based on income. The non-
satisfaction of basic needs, another parameter selected, covers housing conditions and 
crowdedness, number of dependants on one income, and access to basic public services 
such as potable water, sanitation, education and health. 
5.2.3.2 Description 
Quality of Life in Colombia is affected by various determinants that are reflected in the 
indicators from all subsystems-human, support and natural-shown earlier. Trends in 
indicators, such as poverty, social security cover, unemployment rate, size of the informal 
sector, housing affordability, crime rate, and income distribution, all affect in some way, 
directly or indirectly, the Quality of Life of every Colombian. The present trends in these 
76 
variables have in common that they influence harmfully the Quality of Life. For example, 
both the increase in poverty and the decrease in housing affordability mean a decrease in 
Quality of Life. In addition, society has degraded as a result of more than 40 years of the 
political and social struggle combined with phenomena like narcotic trafficking and 
corruption. 
On the other hand, there are other variables that are supposed to influence beneficially the 
state variable, Quality of Life. Discussed indicators within the human and support 
subsystems, such as access to education, life expectancy and population growth rate, 
showed that there were elements that could result in an improvement in the Quality of Life 
of Colombians. However, present trends showed that some of these indicators have started 
to decline; for example, progress made in access to education some years ago have not 
resulted in better lives for some people due to the current high unemployment rates 
Similarly, indicators from the natural subsystem were considered as well. The environment 
is supposed to have a positive relationship with Quality of Life; however, as mentioned 
earlier, for a Colombian urban dweller it is different. The urban environment is crowded 
cities, lack of public space and green areas, long hours commuting, polluted streams and 
air, which certainly have a negative impact on the Quality of Life. 
In summary, only few variables representing the most crucial connections with the state 
variable are selected. It is important to notice that all these variables are not independent; 
they are interrelated so divisions or combinations made here are just for illustration and 
easy understanding of the model. The list of parameters selected for the conceptual model 
of Quality ofLife is: 
11 Increase of poverty (measured in terms of income) 
111 Non-satisfaction ofbasic needs (education, housing, water, etc) 
11 Deterioration of society 
111 High level of unemployment 
111 Intensification of the armed conflict 
11 Increase in the cost of living 
lill High level of corruption 
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• Lack of access to and/or enjoyment of water 
Subsequently, the polarity and direction ofthe connections between these variables and the 
state variable is established. That is both whether the Quality of Life is affected positively 
or negatively by the annotated variables, and whether the connection is direct or indirect. 
The map of all these interrelated variables is shown in the influence diagram presented as 
Figure 5.4. 
5 .2.3 .3 Influence Diagram 
Figure 5.4 Proposed conceptual model for the potential of Quality of Life 
Note: In the upper part of this diagram Socal should read Social 
In this influence diagram the state variable is represented in a circle whereas the 
parameters are shapeless. The model appearing in grey is Bosse! and it is overlapped by the 
conceptual model for Quality of Life, as a potential within human subsystem, appearing in 
black. 
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Reading the influence diagram of the model makes it possible to construct a picture of the 
behaviour of the state variable. Thus, Quality of Life in Colombia is influenced by three 
major variables with a negative polarity: deterioration of society, increase of poverty, and 
the non-satisfaction of basic needs. These variables in tum are influenced by other 
parameters that affect indirectly the Quality of Life and which come from different 
subsystems and from different links between the subsystems considered. 
Rises in the cost of living and increases in unemployment influence with positive sign the 
poverty variable. High levels of corruption and intensification of the armed conflict 
influence a variable named here as deterioration of society, again with positive polarity. 
Lately, lack of access to water is one of the forces that increase the non-satisfaction of 
basic needs and comes from the link between the support system and the natural system. 
There are no feedback loops easily observed in the model. Rather, the links are cause and 
effect connections. As mentioned earlier all these variables are not independent, so it is not 
possible to formulate objective conclusions about the resulting trend in the Quality of Life 
by judging individual trends. However, Quality of Life as a stock variable is decreasing as 
a result of the marked trends in the crucial parameters. 
5.2.4 Water Resources as a potential of the Natural Subsystem 
The selection of Water Resources as a potential of the natural subsystem and therefore of 
Colombia is more straightforward. Understanding the key roles of water in the 
sustainability of Colombia is the central research element of this thesis. Besides, water is a 
vital constituent for sustainable life of any community on Earth. 
Water resources are assigned in Bossel 's model to the natural subsystem as part of nature's 
endowment and stock of renewable resources. Furthermore, water is present in various 
linkages between natural and support and human subsystems. Precisely, these linkages 
determine the growth or depletion of water as stock or potential. 
The potential of Water Resources is shown in Figure 5.5 in relation to Bossel's generic 
model. 
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Figure 5.5 The Potential of Water Resources within Bossel's model for the 
anthroposphere 
Note: In the upper part of this diagram Socal should read Social 
5.2.5 Conceptual model for water resources as a potential of the Natural 
subsystem 
The dynamics of water resources and their complex interrelations or linkages can be 
investigated through the elaboration of a conceptual model of 'Water Resources' as the 
state variable. This model is also based on the indicators of sustainability for Colombia as a 
way to identify the parameters affecting the state of the water resources. 
5.2.5.1 Assumptions 
The assumptions taken into consideration for the development of the conceptual model are 
mentioned as a starting point. This model also has a preliminary character and it can be 
revised and improved. 
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111 It is acknowledged that water has its own system, the hydrological cycle, which is a 
closed system, that functions within the natural system. 
111 The model focuses on fresh water resources only. Seawaters and glaciers (ice waters), 
which in Colombia are highly significant (especially the former, having access to two 
Oceans), are not explored here for simplification. 
111 All uses of water such as domestic, industrial, agricultural and electricity generation are 
clustered initially under a parameter named according to demand and use. Similarly the 
disposal of wastewater refers to all of these uses. Later on, a particular use, domestic 
water, will be discussed since it has an interesting link with the other potential of 
Quality of Life 
5.2.5.2 Description 
Water Resources are influenced in various ways. In the human and support systems water 
was mentioned in indicators such as the Percentage of People Without Access to Basic 
Public Services and the Unsatisfied Basic Needs, referring basically to the access of 
Colombians to potable water. 
Trends in these indicators showed that there was an improvement in accessibility of 
drinking water (among basic public services) mostly up till the 1990s (see Table 4.14 in 
chapter four), and predominantly for urban areas. This fact together with the urbanisation 
trends meant an increase in demand and use of the available water resources. 
More recently the urban growth rate has slowed down, although the demand for water is 
still increasing. Moreover, other interconnected issues such as poverty in the new urban 
settlements and poverty of the rural migrants have resulted in lower affordability of water 
services. Therefore, the accessibility started to decline again and there are still many 
Colombians lacking proper water in rural and urban areas. This again does not mean a 
lower demand; rather it means an unequal distribution of the water resources. 
Increases in demand and use of water represent a stress on water sources and reservoirs. 
Colombia's richness in Water Resources is being affected by incessant consumption from 
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domestic, agricultural, industrial and electricity generation sectors. Particularly, rapid 
urbanisation, which implies the issue of industrialisation in the city and countryside 
(agricultural production and hydroelectricity), is a determinant that negatively influences 
Water Resources. 
On the other hand, in the natural system the indicator Unpolluted Waterways showed how 
pollution of water in Colombia is very significant. Rivers and lakes are being charged 
continuously with contaminated water due to lack of adequate infrastructure and 
inappropriate management. This is a relevant variable that also harmfully affects the state 
variable. 
Another indirect indicator that shows effects on Water Resources is the Loss of Forests. 
This figure has notably risen in the tropical rain forest areas of Colombia as shown in 
Table 4.23 (chapter four). One of the major consequences of deforestation is the loss of 
vegetation cover required for proper functioning of the water cycle and subsequently the 
loss of streams and reservoirs. 
In brief, the list of parameters selected from this analysis of indicators and variables 
affecting Water Resources is given below. The influence diagram showing positive and 
negative links between these parameters and the state variable is presented in Figure 5.6: 
111 High and rapid urbanisation 
111 Continuous increase in resource demand and use 
111 Lack of conservation 
111 Real valuation of water 
111 Disposal of wastewater without treatment 
111 Inappropriate management of water systems 
5.2.5.3 Influence Diagram 
According to this influence diagram the state variable Water Resources is affected by three 
major variables and these connections have a negative signs. This means that these 
variables change in the opposite direction to the state of the Water Resources. 
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One of these major parameters is the continuous increase in resource demand and use 
within the infrastructure system, which in turn is affected directly and with positive 
polarity by the high and rapid urbanisation that comes from the social system. Disposal of 
wastewater without treatment, another major variable, also comes from the infrastructure 
system and its linkages with the economy systems. Lastly, the other major variable is the 
lack of conservation and real valuation of water, which is placed in the economy system. 
The last two major parameters mentioned are influenced positively by a parameter named 
'inappropriate management of water systems'. This is a factor that influences indirectly the 
state of Water Resources and comes from the government component of the human 
system. 
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Figure 5.6 Proposed conceptual model for the potential of Water Resources 
Note: In the upper part of this diagram Socal should read Social 
As a consequence, from trends in these variables and the assumed interconnections the 
state of Water Resources in Colombia is conspicuously deteriorating. This can be 
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interpreted as the stock or potential of water resources being depleted and that there is no 
visible force or influence 14 within the system to take this state to equilibrium. 
In addition, this conceptual model is telling us that the main parameters affecting Water 
Resources come from the linkages between the infrastructure, economy, social and 
government systems. For example in urban areas, water supply and disposal structures are 
controlled by water tariffs and pollution taxes and they are built in response to a demand. 
These linkages are very relevant since the valuation of water, and hence the state ofwater, 
depends on the human perception and use of it. Nevertheless, there are other factors that 
determine the way people interact with water. These can be explored by analysing the 
connections between the two selected potentials, Quality of Life and Water Resources in 
Colombia, and consequently gaining insights of broader implications with regard to the 
sustainability of the whole system. 
5.2.6 linkages between the two potentials through conceptual models 
Through the readings of the conceptual models for Water Resources and Quality of Life it 
can be seen that there is a connection between the two. In the model for Quality of Life, 
water is linked with the state variable indirectly through a variable describing the 
satisfaction of basic needs. Similarly, Water Resources has a link with the human system 
by means of the demand and use of the resource. What these links have in common is that 
they are located or related to the support system, as presupposed by Bosse!' s model. 
Accessibility to Water is the element that can summarise these links. Basically, it is via 
accessibility that people interact with water. Obviously, there are some assumptions 
supporting this last statement, and some of which were mentioned for the respective 
models. The urban character of the relation is one of them. People of the countryside or 
living in forest areas (indigenous peoples) relate differently to water. Moreover, within 
urban use there is a differentiation between domestic, industrial and other uses. 
14 It is acknowledged that there are in Colombia environmental regulations for the use and 
contamination of water, through resource consents and taxes. However this analysis is based on the 
information derived from the sustainability indicators chosen, where there is no evidence of 
effective impact of those regulations in the overall state of water resources. 
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Figure 5.7 The link between Quality of Life and Water Resources via Accessibility 
within Bossel's model 
Note: In the upper part of this diagram Socal should read Social 
With the purpose of investigating this link of accessibility, the domestic use of water in 
urban areas is selected. There are various elements in this link that can be worth looking at 
and also the possibility of coming across feedback loops. Therefore, an influence diagram 
is attempted below to visualise this link of accessibility between the two variables, Water 
resources and Quality of Life, and the constituents' elements. 
In addition, one of the aims of elaborating conceptual models is the possibility of analysing 
the balanced or unbalanced parts of a system and finding out leverage points. Leverage 
points are those elements that can apply more control over the system and produce change. 
This is particularly important for unbalanced systems or those having positive or 
reinforcing feedback loops as explained earlier. 
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5.2.6.1 Description 
Based on the previous conceptual models, four elements were identified related to 
accessibility to water: 
11 Affordability of water services 
111 Management of water systems 
1111 Cost of water supply and treatment systems 
111 Sources of water of good quality and quantity 
Affordability of water services is one component of the Quality of Life for an urban 
resident. Being able to bear the cost of water services and therefore enjoy them adequately 
is a way to achieve a better quality of life. Management of water systems and Cost of water 
supply and treatment systems are two elements, within the infrastructure and economy 
systems, that describe the collective administration of the resource for its distribution and 
use. Finally, Water of good quality and quantity illustrates the state of Water Resources 
that are of use for urban dwellers. 
5.2.6.2 Influence Diagram 
The cause-effect relationships between these elements can be established in accordance 
with the trends deducted earlier for Quality of Life and Water resources. 
11 Decrease in Quality of Life means a decrease in Affordability of water services 
11 A reduction in financial resources for water services results in deficient Management 
111 The management of water directly affects the state of water sources, therefore a 
deficient management causes losses of water in quantity and quality; this implies a 
deterioration in Water Resources 
111 The decrease in available water, results in the increase of the costs of supply and 
treatment systems 
11 This in turn directly affects the affordability of water services; with higher costs there 
is lower possibility of paying for them; and as a consequence of deprivation of water 
there is a deterioration in the Quality of Life. 
These interconnections can be appreciated in the influence diagram shown in Figure 8. 
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Figure 5.8 Influence diagram of the Accessibility Link between Quality of Life and 
Water Resources 
5.2.6.3'Feedback loops 
Taking into account the stgns of the relationships considered in this model and this 
description a positive feedback loop is found. Decrease in affordability of water services 
results in a decrease in water availability (by means of a deficient management). This 
increases the cost of water services, which decreases affordability. 
Consequently, the system tends to run leading to a situation that is unbalanced or out of 
control. This unbalanced loop representing the connection and deterioration of Quality of 
Life and Water Resources is a vital finding. Since maintaining the identified potentials, 
Quality of Life and Water Resources, is a requirement to achieve sustainability of the 
whole system, attempts to fix this unbalanced loop can make a contribution to the 
sustainability of the whole system. 
5.3 Summary 
This chapter has demonstrated how the system of Colombia is not offering a sustainable 
living to its people. Further, Quality of Life and Water Resources were determined to be 
essential potentials of the system. Water accessibility was deduced as the key link between 
the two essential potentials and a conceptual model indicating a feedback loop of positive 
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polarity was drawn. Affordability of water and water management are the two mam 
elements of the feedback loop. 
Accordingly, the next chapter deals with the possible actions that can be suggested to 
change the overall polarity of the waster accessibility loop and turn it into a negative 
feedback loop (balanced system). This will be done through the identification of leverage 
elements and approaches to water and sustainability. These possible actions and 
approaches are the basis for recommendations to address sustainability, as ultimate aims of 
this research. 
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Chapter 6. Determining Approaches to Address 
Sustainability 
The purpose of this chapter is to place the findings of the analysis of sustainability for 
Colombia, done through conceptual models in the previous chapter, and discuss them in 
the context of other approaches to sustainability found in the literature. 
The analysis showed how there is a positive feedback loop in the conceptual model linking 
Quality of Life and Water Resources, accessibility to water being the key element. To go 
further and attempt to modify the unbalanced loop, it is necessary to discuss some 
framework issues about management of water and its relation to sustainability. Therefore, 
the discussion includes arguments of researchers involved in resource management as well 
as sustainability. Economic, technological, political and social views are discussed and the 
need for an integrated and holistic approach to sustainability is inferred. 
The outcomes of the discussion leads to the proposal for a holistic approach to addressing 
water accessibility and subsequently sustainability in Colombia, as the ultimate aim of this 
research. 
6.1 Approaches to water and sustainability 
In the analysis it was found that there are certain potentials within the system of Colombia 
that are necessary to maintain in order to achieve sustainability of the whole system. 
Quality of Life and Water Resources were found to be two essential potentials. Moreover it 
was deduced that the link between these two potentials, Accessibility to Water, is even 
more crucial for sustainability in Colombia because of its interconnections with other 
elements of the system: human, support and natural subsystems. 
The Water Accessibility link was found to be a positive feedback loop, which is a self-
reinforcing non-equilibrated situation, directly affecting the state of Water Resources and 
Quality of Life. The positive feedback loop means that the potentials are connected in a 
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way that the deterioration of one leads to the deterioration of the other and this situation 
will continue without stabilisation. Affordability of water and water management are the 
major elements intervening in this positive loop. 
Since the state of the two selected potentials-Quality of Life and Water Resources-is 
vital for the total system of Colombia,. their deterioration implies that the country is not 
sustainable and viable according to the principles of Bossel's system theory for 
sustainability followed in this thesis. 
To address the unbalanced loop, or m other words to find ways to resolve the 
unsustainability of one of the key elements of the system, it is necessary to identify actions 
that while they contribute to the change of a specific variable in the loop considered, also 
contribute to a holistic perspective for achieving sustainability. These are 
recommendations that initially are primarily towards the water link but also have an impact 
in the sustainability of Colombia as a whole. 
Accordingly, approaches to dealing with sustainability and the role of water were 
researched. Divergent views were found and they are discussed in the light of the systems 
approach followed in this thesis. The holistic perspective is also included in the discussion. 
Further, the findings of this thesis are related through all the debate. 
6.1.1 Divergent Arguments 
In the relevant literature it is very common to find phrases such as sustainable water 
management, sustainable wastewater treatment and sustainable technology, sustainable 
infrastructure and urban sustainability. Most of these papers address the issue of 
sustainability of water in isolation. Their focus is narrowed to technologies or economics 
and generally they do not relate the problem of water unsustainability to broader areas. 
This is as though researchers see only the bottom part of Figure 3.2 (natural system: 
environment and resources) or the left part of Figure 5.8 (sources of water) without 
stressing the interconnection with other elements in the system. 
In the following, different views dealing with the relation between sustainability and water 
are presented. Representative authors have been chosen to illustrate each subject. 
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6.1.1.1 Technological view 
Butler and Parkinson suggest that "Sustainable management of water as a resource must 
seek to satisfy current demands and environmental objectives whilst purporting to satisfy 
the projected future demands of growing population and the need to protect the long-term 
availability of natural resources" (1999:61). This view of sustainability is based on the 
definition of sustainable development that was reviewed and discussed in the first 
chapter15 . 
The statement emphasises the purpose of the meeting the water demand, current and 
projected, without questioning if the demand is right or whether the resource is equally 
distributed. It is about demand, not about needs. It refers also to maintaining and protecting 
the water resources in the long term. Both satisfaction of the need for water and water 
protection are significant aims for sustainability; however specifications on how the two 
can be achieved together are made through technology only. 
Butler and Parkinson (1997) along with Harremoes (1997) and Larsen and Gujer (1999) 
suggest a comprehensive list of strategies for sustainable water technology. The principles 
are well grounded in closed cycles and anthropogenic limits, ranging from non-use and 
reuse of the resource to natural or biological technologies for treatment of wastewater. 
These are indeed the technological options to be used. Nevertheless, there is no mention of 
how all people can access the technology and whether the technology satisfies the real 
needs of all people, including developed and less developed nations. 
Similarly, Rosegrant in his paper Water Resources in the twenty-first century: challenges 
and implications (1997) presents solutions for meeting the demand for urban water in the 
present water shortage but he goes further, linking the rural and urban dimensions of water 
management. He suggests that new sources of water are needed but the costs are increasing 
steeply, so it is necessary to make savings from existing waste and address inefficient 
water use in urban water systems and reallocate water from agriculture. Moreover, he 
15 The issue of the definition of sustainability is discussed in the first chapter of this thesis. There is 
recognition of the difficulties with definitions of sustainability when they are placed in the context 
of developing nations. Sustainable development concerns not only intergenerational but also 
interregional equalities in developing nations. 
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introduces the problem of costs and suggests that the full social, economic and 
environmental cost must be considered. Therefore, the technological solution is tied to 
economics. 
6.1.1.2 Economic view 
For Braden and van Ierland (1999) economics is the key element to sustainable water 
management. When they place their assertion in the context of sustainability they state that 
"As it applies to water management, sustainability amounts to maintaining the abundance 
and quality of water resources to sustain ecosystems and support future human needs while 
also meeting current household and commercial water requirements" (1999: 17). 
Although Braden and van Ierland affirm that sustainability is an "extraordinarily broad and 
challenging concept" (1999, 18) and beyond doubt that "supplying water in a sustainable 
manner requires first, balancing the social uses of water with its availability in nature" 
(1999: 19), they conclude that an effective pricing strategy will promote sustainability. 
They consider that economics, through various market valuations methods, is a necessary 
tool to obtain sustainable water systems. The selection of a 'sustainable' option is based on 
costs; capital, social and environmental impact costs. This is a narrow view of 
sustainability. It allows economically viable projects for sustainability without considering 
the appropriateness of the water uses. Further, Braden and van Ierland do not consider 
whether these methods contribute to effective distribution of the resource and the 
satisfaction of all people need for water, independently of their different economic 
backgrounds and conditions. 
In addition, use of the Contingent Valuation Method is advised, to indicate the market 
value of clean water (Braden and van Ierland, 1999). This method is based on individual 
willingness to pay for improving environmental quality or to accept environmental 
deterioration. This precisely illustrates the point: individuals from communities such as the 
one studied here, in Colombia, are not able to pay for water services even if they want to 
do so. Therefore if economics is the only criterion for sustainability, people who cannot 
afford water services at the market price are left out and the infrastructure systems continue 
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running only for those who can afford them. Thus the resource is not equally distributed 
and this situation is not truly sustainable for all. 
Currently there is substantial debate about the character of water, whether it is a 
fundamental human right or a public good or a private consumption item 16• Privatisation 
and economic globalisation are current trends that affect water management all over the 
world (Barlow, 2001) 17 . The lack of agreement on the real valuation of water demonstrates 
that there is a great need to question the role of economics allowing the market to govern 
the allocation and access to water. 
Further, Braden and van Ierland conclude that the challenge is to develop more efficient 
and cheaper technologies that can contribute to sustainable development (Braden and Van 
Ierland, 1999). However, taking into account the argument about the role of the market for 
pricing water and its relationship to accessibility, the actual challenge is to develop a new 
valuation system so that all communities can afford the technologies. This implies 
significant shift towards an ideal system, that could make water accessible for all. 
Varis and Somly6dy specifically studied the question of affordability and its relation with 
the problem of sustainable development in the paper Global urbanisation and urban water: 
can sustainability be afforded (1997). They consistently affirm that "the present tendency 
of considering water as an economic good, despite its many merits, includes severe pitfalls, 
especially in terms of inability to cope with the poor, the environment and the informal 
sector" (1997 :28). 
As a result of the analysis of current figures Varis and Somly6dy (1997) conclude that 
current expenditure in water and sanitation is not sufficient to improve the required water 
and sanitation services. Moreover, the projected requirements cannot be supported in 
16 See for example http://www.canadians.org/blueplanetlconf-200 1-e.html with regard to the 
International Forum People and Nature: An International Forum on Conservation and Human 
Rights 
17 See also http://www.infoagua.org/ for evidence of privatisation in Latin America and Colombia 
and http://www.canadians.org/blueplanetlindex2.html for the active campaign carried out against 
trade and privatisation of water in Cochabamba, Bolivia, in December 2000 
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developing countries, which have the highest urban population growth rate, so that unrnet 
needs for water and sanitation will continue growing. 
6.1.1.3 Political view 
The study by Varis and Somly6dy also reinforces the need to look at the problem from 
another perspective. They state: "besides the economic issue, it is typically a political 
question of priority setting how to provide services for those very poor and those living on 
an illegal basis" (1997:26). Hence, other variables such as political and development 
decisions have to be taken into consideration. 
Rosegrant (1997) admits that national water policy reforms have to take place in order to 
ensure the most efficient use of available water supplies, and that water should be treated 
as a scarce resource. Although this is a sensible proposal, nonetheless, policy reforms in 
this case should not be limited to urban water supply. They have to consider various 
sectors in conjunction; health, energy, agriculture and even education. 
As it was demonstrated for Colombia, water scarcity is directly related to the overall 
management of the resource. Variables from the individual development, social and 
government systems, such as the level of poverty, urban growth and the level of 
corruption, are all related to the management of water. Therefore reform policies that have 
a similar aim are needed in every sector. In a complex system, it is not possible to fix one 
problem without considering the interrelationship of its parts. 
Supporting this is the rapid urbanisation phenomena occurring m most developing 
countries. As shown for Colombia, urban pressures on water resources are resulting in 
decreasing availability of water sources and increasing costs for services. V aris and 
Somly6dy show that as a city grows the unit cost of water tends to grow sharply (1997). 
Interestingly, Harremoes comments, with regard to population concentration in cities, that 
"the technical question becomes one of transport of water and/or food, which is simple 
compared to limiting/relocating people" (1997: 19). Would not it be easier, and cheaper in 
the long term, if policies for development were made in a way that population were shifted 
or de-concentrated out of the mega city via promoting development in various and smaller 
cities? This reiterates the proposal for a change to an ideal system in developing countries 
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and confirms the complexity of the changes required in the whole system. This change 
demands significant reforms in the development pattern of these countries and in the case 
of Colombia it involves solving the difficult problem of violence in the countryside. 
On the other hand, Larsen and Gujer (1997) the authors of The concept of sustainable 
urban management believe sustainability is a global issue, whereas urban water 
management is regional or local. In the systems perspective, the relationships between 
local and global matters are undoubted; there is no possibility of achieving global 
sustainability if a local community, in any country, is not having sustainable living. 
Therefore efforts made internationally are required. Moreover the implications of 
international economics for the local water supply in relation to privatisation were shown 
in the economic view; therefore international agreements that have a holistic view of 
sustainability are most needed in this global society. 
However, local autonomy is something to be rescued and reinforced in international 
politics and the political view of sustainability. The solutions and proposals in this field of 
water management have to rise from the grassroots level to be really effective and impact 
on sustainable living. In other words it needs stakeholder involvement. Martin O'Connor in 
the first issue of the International Journal of Water indicates, " .. water management is not 
mostly about a technical problem, nor even an economic problem. It is a problem of civil 
society, political process and collective understanding" (2000:7). Therefore, people 
require awareness and education to understand the whole picture and make local decisions 
with regard to their resources based on their needs. They also, and most importantly, 
require a political ground or environment that truly takes into account local initiatives. 
6.1.2 Holistic view 
In view of the benefits and shortfalls of various and independent views regarding the 
connection between sustainability and water, a holistic perspective becomes essential. 
Concluding comments by some authors constitute a valuable contribution to this aim. For 
example Harremoes (1997) emphasises that environmental problems can no longer be 
evaluated in isolation; they have to be viewed with respect to the totality of the system. 
Varis and Somly6dy ( 1997) recognise the holistic view; they conclude: "fragmented, 
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strictly sectorial approaches to development of human habitats may create more problems 
than it can solve, as has been witnessed many times" (1997 :31 ). 
In this regard, there is a novel and comprehensive proposal that takes into consideration an 
integrative perspective. Gallopin and Rijsberman have discussed global scenarios for 
water management (2000). They explored three different approaches to deal with the 
problem that face water and its linkages with sustainability today, taking into account 
social, demographic, economical, environmental, technological and governance sectors. 
The first scenario, Business as Usual (BAU), is based on the assumption that 
improvements in economic growth and water technology will be enough to solve the 
problem. However, they demonstrated that BAU for water leads to regional and global 
water, economic and social crisis. The second scenario, Technology, Economics and 
Private sector (TEC), believes that unprecedented efforts and investments are required. 
Although improvements in water are achieved, TEC for water results in high social and 
political costs and the permanent establishment of a dual society. The third scenario has a 
different approach because it assumes a strong global commitment. It is about changing 
Values and Lifestyles (VAL) for all, both North and South, and it attempts to solve other 
interconnected problems such as poverty. Therefore VAL offers the best results for water 
resources and stakeholders in the long term. 
Since the VAL scenario is an integrative and systematic approach to sustainability and 
water it will be explored further to gain insight for the recommendations of this thesis. 
Figure 6.1 presents the details and interrelations between actions suggested in VAL. 
6.1.2.1 The Values and Lifestyles (VAL) scenario 
The basis of this approach is that the solution of complex water issues cannot be achieved 
without addressing the interlinkages between technological, demographic, economical, 
social, environmental and institutional issues (Gallopin and Rijsberman, 2000). 
96 
Demographic: Technological: Social: Governance: 
High population growth in Fast hi-tech expansion Expansion of consumerist Asymetrlcal power structure 
the south Moderately Increasing water efficiency global lifestyles persists 
High migration pressures Moderately decreasing unit water Poverty persists Level of conflict localized 
to the north pollution Growing inequity Globalisation accelerates 
Fast urbanisation in the Moderate adoption of new crops 
south Moderate increases in water 
sanitation investement 
mcreasing number of desalination 
plants 
Increasing withdrawal efficiency 
Economic: Environmental: 
Economic output Increases in water related 
increases diseases 
Free trade expands Soil salination increases 
- Prosperity in the south Ground water diminishes 
increases moderately Dimishing ecosystems 
Incresing water works health 
investmetns 
I Widespread ~ l Global International L.j awareness of information conferences 1-l unsustainability network Empowerment of 
civil sodety 
Global debate 
I 
Economic I 
-{Knowledge I ~Governance}-bargain )- I Push ) Process 
l 
( Technological Slowdown in l Dematerialisation I Environmental acceleration y population of the economy protection and growth restoration 
Stabilization of 
water 
withdrawals 
Sustainable 
water 
use and 
management 
Figure 6.1 The unfolding of the Values and Lifestyle Scenario for global water 
management (Gallopin and Raijsberrnan, 2000) 
At the very top of Figure 6.1 the current characteristics of every sector are presented on a 
global scale. Thus for example in the social sector growing poverty and inequity are 
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mentioned and in the governance sector globalisation is identified. Further down appear 
the first consequences of the current trends: awareness of the unsustainability, global 
networks and empowerment of civil society. These consequences maintain that for global 
sustainability, economic development is not sufficient and that environmental stewardship 
and social improvement are also urgently needed. 
In this VAL scenario, as a result of the generated global debate, an economic bargain takes 
place, resulting in the dematerialisation of the economy. This process occurs mainly in the 
countries of the North while the basic needs of the population of the South are being 
satisfied. Consequently, there is a more balanced quality of life on the global scale. A 
knowledge push is established and also changes in the governance processes, in which 
bottom-up, decentralised, self-organising and interconnected governance networks evolve. 
These processes assume a strong emphasis on education and capacity-building at the 
national and local levels. 
At this point the authors believe governments, together with community organisations 
should explore alternative combinations of water pricing, taxation, voluntary contributions 
and cost-sharing schemes to foster efficient use of water (Gallopin and Rijsberman, 2000). 
However, as was discussed earlier in the chapter, debate and reforms could go further to 
include a change in the economic valuation systems. 
In addition, the VAL scenario suggests that traditional technologies that were socially and 
ecologically sustainable, but not economically efficient, will become available. Also, 
ecosystem restoration and rehabilitation becomes a leading sector of the economy and as a 
result, environmental quality improves significantly. Finally, consensus should resolve all 
conflicts; VAL involves cutting back armies and achievement of peace as inputs for the 
transition to sustainability and eradication of poverty. 
In summary, VAL suggests very important changes to solve the water problems. It 
involves inter-and intra-sectorial actions on local, national and global scales; and enables 
improvements for people's quality of life at the same time as improving water resources. 
This is the main linkage with the findings of this thesis. 
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6.2 Addressing sustainability in Colombia with a holistic 
approach 
A holistic approach 1s consequently appropriate to obtain a balance m the water 
accessibility positive feedback loop found in the sustainability analysis of Colombia. 
Improvements to water accessibility will be closely linked with improvements in the 
Quality of Life of Colombians and in the state of the Water Resources, thus addressing 
sustainability of the country as a whole. 
Principles derived from a systems view, allowing for technology, economics, political and 
social interrelations, should be followed. Although there are intricate issues that cannot be 
altered except by profound changes, what is attempted here is to propose an ideal system 
that can be built based in small and interconnected steps. In this scenario water 
accessibility is a small but very significant part of the system. 
In the case of Colombia the issue of violence shows the complexity of the system: water 
and sanitation, poverty, unemployment and crime are interconnected. A way to overcome 
violence is by solving basic needs that will enable people to think differently and have 
other values to tackle difficult issues such as narcotrafficking, corruption and violence. 
Water accessibility becomes a basic need for this system. Satisfying the water accessibility 
need is not only about finding suitable technical solutions, it is about understanding the 
importance of the interconnections with the other parts of the system. It is about 
economics, involving changes in the current valuation of resources in society; it is about 
social and political transformation so that stakeholder people have true autonomy to make 
and execute their decisions with regard to resources. It is about a broader frame in which 
human needs and rights overlap with lifestyles, duties and limits globally. These are 
fundamental values required for sustainability. 
In particular, John Peet in his paper Resource Management may be the answer but what is 
the question? (1999) makes it clear that "situations of sustainability and development 
imply a moral standpoint, from which ethical positions can be derived and be clearly 
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stated" (1999:4) and these "moral standpoints and priorities have to be determined by 
society itself, via appropriate processes" (1999:3). 
Hence, with appropriate processes, people's involvement, understanding of the system 
interconnections, and with new fundamental values and ethics, communities can change 
institutions, politics and economics, aiming for the satisfaction of their basic needs and 
ultimately for sustainability. 
A start can be made by creating, supporting and educating current grassroots movements in 
Colombia that are aiming to improve their quality of life and their water access conditions. 
All points discussed here can help them as tools, or as Gallopin and Rijsberman, believe as 
"a common framework for diverse stakeholders to map and address their concerns and 
identify alternatives" (2000:39). 
Finally the following chapter will present the principles for recommendations to be 
implemented in Colombia dealing with water accessibility and aiming for sustainability in 
a holistic way, together with the conclusions of the overall thesis. 
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Chapter 7. Conclusions and Recommendations 
7.1 Conclusions 
This thesis strives to gain an understanding of the intricate issues surrounding ideas such as 
development, people's quality of life, water resources use and sustainability in the context 
of a country as complex as Colombia. The initial hypothesis was to determine whether 
Colombia could offer to its people a sustainable living. Having dealt with this, the 
following question was to determine the key role of water in the sustainability labyrinth 
and the ways to address the problems standing in the way of water and a sustainable living. 
As a learning process this thesis has been a koru-Maori word for spiral-. It has started 
and come back to various points through thinking and re-thinking the meaning of these 
complex ideas concerning Colombia. 
The meaning of what sustainability involves was examined in chapter two. The definition 
adopted for the study was sustainable living, since it recognises all communities of the 
world, emphasising that improvements for peoples' quality of life are required now and 
also in the future. This definition also stresses awareness of the need for minimise impact 
on nature of all human activities. 
The use of systems thinking was one essential element for the research, mainly discussed 
in chapter three. Systems thinking (that is, a system is more than the sum of its parts) is 
central in dealing with complexity and with sustainability. Specifically Hartumt Bossel's 
analytical framework for defining sustainability indicators based on systems thinking was 
selected. The satisfaction of basic needs is indispensable for a system to be sustainable and 
viable. Bossel's method studies any system and analyses whether all its basic needs-
orientors-are being satisfied through the use of indicators. In other words, the indicators' 
objective is to assist in identifying the fundamental needs of a complex system. The 
orientors of a system are existence, effectiveness, freedom of action, security, adaptability, 
coexistence and psychological needs. 
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Following Bossel's structure and method, a set of 72 indicators was determined for 
Colombia; however, only 31 indicators were investigated and expanded further due mainly 
to limited available information. This is shown in chapter four. The chosen indicators 
provided the essential information required for the sustainability analysis (chapter five). 
The general analysis of all indicators concluded that Colombia, as a whole system, is not 
offering a sustainable living to its people. Trends in interrelated indicators such as the 
increase in poverty, unemployment rate and cost of living, and intensification of the 
internal armed conflict gave evidence of the lack of satisfaction of Colombians' basic 
needs of existence, freedom of action and security. Besides, indicators such as loss of 
biodiversity and pollution showed how the impact of human activities in the country has 
not been adequately addressed. 
A specific analysis was elaborated through the use of conceptual models. Models are 
pictures or representations of the world; they enable us to understand the complexity of a 
system by way of identifying causal relationships between its elements. For Colombia, 
Quality of Life and Water resources were identified as two key potentials-Bossel's term 
for a stock of a vital asset that must be maintained in good state in order to contribute its 
share to the development of the total system. Conceptual models were drawn for these two 
potentials illustrating the variables affecting their state. 
Furthermore, a strong connection between the two potentials was.found. The link between 
Quality of Life and Water Resources via Water Accessibility was established. 
Affordability of water services and management of water systems were pinpointed as the 
key elements for access to water for Colombians in urban areas. A feedback loop of 
positive polarity linking these elements was determined in the conceptual model. This is an 
unbalanced situation representing the deterioration of Quality of Life and Water Resources 
by the decrease in Water Accessibility. 
Consequently, Water Accessibility became one of the basic needs of the system that should 
be satisfied to achieve sustainability of the whole. Approaches to address water and 
sustainability were then explored. Technological, economic and political approaches were 
seen as divergent views but also as necessary subjects to be discussed in thinking about 
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water accessibility and sustainable living for all communities. Economic revaluation of 
resources, appropriate natural technologies and community initiative and autonomy were 
some of the subjects identified as needing to be considered. 
The discussion of chapter six led to postulate and explore a holistic approach to address 
water accessibility and therefore ~ustainability in Colombia. The complexity of the 
unsustainabilities of the system (Colombia) and of other interactive systems (the global 
community) requires understanding of the interconnections and interrelations of all parts. 
Ultimately, if Colombians can meet their basic needs, of which water accessibility is just 
one, it will free them up and enable them to tackle other issues related to quality of life in 
their society such as corruption and violence, as well as appropriate management of their 
resources. This will give rise to sustainable living for the people of this land in South 
America. 
7.2 Recommendations 
The basic recommendation of this study, rather than a list of instructions to follow, is an 
invitation to think differently. Through systems and holistic thinking we can gain 
understanding, becoming aware of the complexity and the interrelations in our system. 
This in tum will guide the decisions that involve our communities and our resources, all 
around the world. 
I agree with my colleague David Chittenden when he affirms that the next step, in walking 
towards sustainability and redirecting development is to 'communicate these concepts and 
frameworks [systems and holistic thinking] to people in leverage positions in society, that 
is, in local and national government' (Chittenden, 2000 p171). True, they write the 
policies. But I go further because I believe we all are leverage points: we are part of a 
community in which we live or identify with and it is in our hands to make a change and 
gain awareness within ourselves and build collectively an ethics, as proposed by John Peet, 
in whatever position we will hold in society. 
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To inspire readers to start building an ethics and work towards a sustainable living for all, 
from the place where this thesis was written, a koru of traditional Maori ethics by a Maori 
professor is reproduced. I am sure Colombian indigenous communities would have as 
much to say about their environment, because indigenous peoples all over have learnt 
various lessons, which we, pahekd and mestizo/8 should acknowledge: 
'This is not a hierarchy of ethics, rather, they begin in the centre of the spiral and together 
with the traditional values they constitute a Pacific Polynesian view of holism and way of 
linking humanity and economy in a relationship of reciprocity and respect, They can be 
stated as follows: 
te ao marama, ethic of wholeness, cosmos 
mauri, ethic of life essences, vitalism, reverence for life 
tapu, ethic of being and potentiality, the sacred 
mana, ethic of power, authority and common good 
hau, ethic of spiritual power of obligatory reciprocity in relationships with nature 
wairuatanga, ethic of spirit and spirituality 
tika, ethic of right way, of the quest for justice 
manaakitanga, ethic of care and support, reverence for humanity 
whanaungatanga, ethic of belonging, reverence for the human person 
te ao hurihuri, ethic of change and tradition 
kotahitanga, ethic of solidarity 
kaitiakitanga, ethic of guardianship of creation" (Henare, 2000:3). 
18 Mestizo is the word in Spanish for people who have Spanish and Indigenous descent. Piikehii is 
the word in Maori for European or not Maori (Maori Dictionary, 2001) 
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Glossary of Terms 
Orientors: In Bessel's framework the orientors are the basic needs of a system. The 
satisfaction of these needs is a requirement for the system to be viable and sustainable 
Potential: In Bessel's methodology the term potential denotes a stock or capital of a vital 
asset, which can grow or depreciate, and must be maintained in good state in order to 
contribute its share to the development of the total system. 
State variables: In systems analysis the variables which condition is central for the 
development of the system are called state variables. In an interconnected system they 
depend upon other variables called parameters. The parameters' values affect the state 
variable but they are independent of the system. The way all variables are interrelated can 
be expresed through a model of the system. 
Conceptual models: They are simplified pictures or representations of real systems. In 
this study conceptual models were developed for identified potentials for the sustainability 
of Colombia as a complex system. Thus, the potentials are the state variables of the 
conceptual models. 
105 
References 
ACODAL. 2000. Asociacion Colombiana de Ingenieria Sanitaria y Ambiental. News: 
Informativo Digital. June 16 2000 (http://www.acodal.org.co/news/news36.htm). 
Bachels, Mark. 1999. Development of Sustainable Urban Transport Energy Policy -
Transport and Land Use Planning Implications. A Thesis submitted for the Degree of 
Doctor of Philosophy in Environmental Science at the University of Canterbury. New 
Zealand. 
Barlow, M. Commodification of Water - The wrong prescription. Water Science and 
Technology. Vol43, No.4, pp 79-84. 
Bossel, Hartmut. 1994. Modelling and Simulation. AK Peters. United States of America. 
Bossel, H. 1998. Earth at a Crossroads: paths to a sustainable future. Cambridge 
University Press. United Kingdom. 
Bossel, H. 1999. Indicators for Sustainable Development: Theory, method, applications. 
International Institute for Sustainable Development, IISD. Canada. 
Braden, J. van Ierland, E. 1999. Balancing: the economic approach to sustainable water 
management. Water Science and Technology. Vol39, No.5, pp 17-23. 
Butler, D. Parkinson, T. 1999. Towards Sustainable Urban Drainage. Water Science and 
Technology. Vol39, No.5, pp 53-63. 
Checkland, P. 1981. Systems Thinking, SystemsPractice. John Wiley and Sons Ltd. United 
Kingdom. 
Chittenden, D. 2000. System and human needs. A comparative analysis of a systems 
frameworkfor finding indicators for sustainable development with a theory a/fundamental 
human need. A thesis submitted in partial fulfilment of the requirements for the degree of 
Master of Chemical and Process Engineering at the University of Canterbury, 
Christchurch, New Zealand. 
Clayton, A. and Radcliffe, N. 1996.Sustainability. A systems approach. Westview Press. 
London. 
Conservation International. 2000. NewsRoom: Confirming the Global Extinction Crisis. 
(http://www.conservation.org/WEB/NEWS/PRESSRELI00-0928.htm). 
DANE. 2000. Departamento Administrativo Nacional de Estadistica. Estadisticas. May-
June 2000 (http://www.dane.gov.co/estadisticas 1.html). 
DNP, 2000. Departamento Nacional De Planeacion. Informacion par sectores. September 
2000 (http://www.dnp.gov.co/infosector/). 
106 
Drummond, I. and Marsden, T. 1999. The Condition of Sustainability. Global 
Environmental Change Programme. Routledge. London. 
Elms, D. 1992. Learning about Complex Systems. Civil Engineering Systems. Vol. 9, pp 
265-272. 
El Tiempo. 1999. Series of Articles. Casa Editorial El Tiempo. May 2000 
(http://www.eltiempo.com/institucional/). 
El Tiempo. 2000. Newspaper Article. Periodico El Tiempo- seccion economica. 11 June 
2000 (http:/ /www.eltiempo.com/economic§[). 
FAO. 2000. Food and Agriculture Organisation of the United Nations. FAOSTAT, FAO 
Statistical Database. (http://apps.fao.org/page/collections?subset=agriculture). 
Ford, A. 1999. Modelling the Environment: An introduction to Systems Dynamics 
Modelling of Environmental Systems. Island Press. United States of America. 
Gallopin, G., Rijsberman, F. 2000. Three global water scenarios. International Journal of 
Water. Vol. 1, No.1, pp 16-40. 
Goodman, D. and Redclift, M. (Editors). 1991. Environment and development in Latin 
America. The politics of sustainability. Manchester University Press. United Kingdom. 
Harremoes, P. 1997. Integrated Water and Waste Management. Water Science and 
Technology. Vol 35, No.9, pp 11-20. 
Henare, M. 2000. Maori Economic Development is Nation Building. Working Paper. 
Pohara, Tonui, Kokiri: Poverty, prosperity and progress. Second bienniel Aotearoa New 
Zealand International Development Studies Network Conference.l7-l9 November 2000. 
Wellington. New Zealand. 
Hinrichsen, Don. 1996, The World's Water Woes. International Wildlife. Vol26 July/Aug 
1996. p 22-7 (Abstract). 
IDEAM. 2000. Institute de Hidrologia, Meteorologia y Estudios Ambientales en 
Colombia. Informe Especial Fen6meno Calida del Pacifico: El Nifio and Informe Nacional 
del Agua. (http://www.ideam.gov.co/web/informes/menu.htm). 
INEGI,2000. Institute Nacional de Estadistica, Geografia en Informatica de Mexico. 
Estadisticas Socia Demograficas. September 2000 
(http://www.inegi.gob.mx/estadistica/espanol/sociodem/fsociodemografia.html). 
Infonacion, 2000. Economic Commission for Latin America and the Caribbean. United 
Nations DataBase. September 2000 
(http://www.un.org/Pubs/CyberSchoolBus/infonation/s infonation.htm). 
107 
International Energy Agency. 1997. Transport, Energy and Climate Change. Energy and 
Environment. Policy Analysis Series. Organisation for Economic Cooperation and 
Development, OECD. Paris. 
Krishnan, R. Harris, J and Goodwin, J. (editors). 1995. A Survey of Ecological Economics. 
Island Press. Washington, D. C. 
Langaas, S. 1997. The spatial dimension of indicators of sustainable development: The role 
of Geographic Information Systems (GIS) and cartography. Sustainability Indicators: A 
Report on the Project on Indicators of Sustainable Development. SCOPE 58, B. Moldan, 
B. and Billharz S. (Editors.), John Wiley & Sons: Chichester. August 2000. 
(http://www. grida.no/prog/norbal/ docs/ gisisQD. 
Larsen, T. Gujer, W. 1997. The Concept of Sustainable Urban Water Management. Water 
Science and Technology. Vol35, No.9, pp 3-10. 
Londofio, J. L. 1996. Poverty, Inequality, and Human capital Development in Latin 
America, 1950-2025. World Bank Latin American and Caribbean Studies. The World 
Bank. Washington, D. C. 
MacKerron, Conrad. 1995. Business in the Rain Forests, Corporations, Deforestation and 
Sustainability. Douglas G. Cogan Editor. Investor Responsibility Research Center. 
Washington, D. C. 
Maori Dictionary, 2001. August 2001. 
(http://kel.otago.ac.nz/translator/Translate.php3? &LANGUAGE NAME=& Word=pakeha 
&TRANSLATION TYPE=M2E). 
MacKerron, M. 1995. Business in the rain forests:corporations, deforestation and 
sustainability. Cogan, D. Editor. Investor Responsibility Research Center. Washington, D. 
C. 
McPhaden, Michael. 1999. The Child Prodigy of 1997-98. Nature. Vol398, 15 April1999, 
pp 559-562. 
Ministry of Environment in Colombia. 2000. Ministerio del Medio Ambiente en Colombia. 
Biogeografia en Linea. (http://www.minambiente.gov.co/biogeo/menu/menu.htm). 
ODHC. 2000. Observatorio de los Derechos Humanos en Colombia. Hechos de Violencia. 
June 2000 (http://www. presidencia. gov. co/webpresi/index2 .htm). 
O'Connor, M. 2000. Editorial. International Journal ofWater. Vol. 1, No.1, pp 1-15. 
Parra, Margarita Maria. 1997. Start of Anaerobic Filter: Aspects to consider in wastewater 
treatment in rural areas. A CODAL Review (Colombian Association of Environmental and 
Sanitary Engineering). No. 134, 1997, pp 41-47. 
108 
Parra, Margarita Maria. 1999. Urbanisation and Environment: Some Evidence of the 
Interrelationship from Santafe de Bogota - Colombia. Project Report. Centre for 
Development Studies - Trivandrum India. 
Peet, J. 1999a. Systems and Ethics: Thinking about human needs and sustainability for the 
next millennium. International System Dynamics Conference. Wellington, New Zealand. 
20-23 July 1999. 
Peet, J. 1999b. Notes of class. Energy, Ecology and Economic Systems course. Department 
of Chemical and Process Engineering. University of Canterbury. New Zealand. 
Peet, J. 1999c. Resource Management may be the Answer but what is the Question? 
International Symposium on Society and Resource Management. Brisbane, 7 - 10 July 
1999. 
Peet, J. and Bossel, H. 1998. Ethics and Sustainable Development. Being fully human and 
creating a better future. International Society for Ecological Economics Conference: 
"Beyond Growth, Policies and institutions for sustainability". Santiago, Chile. 15-19 
November 1998. 
Peet, J. and Bossel, H. 1999. Ethics as the grounding of a new paradigm of ecological 
economics for community. ANZSEE Conference. Brisbane, Australia. 5-7 July 1999. 
Peet John and Peet Katerine. 2000. Poverties and satisfiers: a systems look at human 
needs. Creating a new democracy. Poverty, prosperity and progress conference. 
Wellington, New Zealand, 17-19 November 2000. 
Pickering, K. and Owen, L. 1997. An introduction to Global Environmental Issues. Second 
Edition. Routledge. London. 
Pointing, C. 1990. Historical perspectives on sustainable development. Environment. Vol. 
32, No. 9, p 4-9 and 31-33.November 1990. Helen Dwight Reid Educational Foundation, 
Washington. 
Redefining Progress, 2000. The Ecological Footprint Nations Study- 1995 Data. Jan 2000 
(http://www.rprogress.org/resources/nip/ef/ef nations.html). 
Redclift, M. 1987. Sustainable Development. Exploring the contradictions. Methuen. 
London. 
Rosegrant, M. 1997. Water Resources in the Twenty-First Century: Challenges and 
Implications for Action. Food, Agriculture and the Environment Discussion Paper 20. 
International Food Policy Research Institute. Washington D. C. 
Rumbas. 2000. Colombian Government Programme to Face Drug Consumption. June 
2000. (http://www.presidencia.gov.co/rumbos/). 
Senge, P. 1990. The Fifth Discipline: The Art and Practice of Learning Organization. 
Doubleday Currency. United States of America. 
109 
Shannon, D. 1996. Mexico City aquifer depletion degrading water quality. Environmental 
Science and Technology. Vol29, June 1995, p 254A (Abstract). 
Shiva, V. 2000. Poverty and Globalisation. Respect for the Earth. Sustainable 
Development. The Reith Lectures. Profile Books. London. 
Sterman, J. 2000. Business Dynamics: Systems Thinking and Modelling for a Complex 
World. Irwin McGraw-Hill. United States of America. 
Timmermann, A. 1999. Increased El Nifio Frequency in a Climate Model Forced by Future 
Greenhouse Warming. Nature. Vol398, 22 April 1999, pp 694-696. 
UNESCO. 2000. United Nations Educational. Scientific and Cultural Organisation. 
Statistics. September 2000 (http:/ /unescostat. unesco.org/en/stats/statsO .htm). 
UNFPA. 1998. United Nations Population Fund. Emigration Dynamics in Developing 
Countries. Edited by Reginald Appleyard. Ashgate Publishing Company. United States of 
America. 
United Nations. 1995. Population Division. World Urbanisation Prospects. The 1994 
Revision. New York. 
United Nations. 1998. Dept. for Economic and Social Information and Policy Analysis. 
Population Division. World Population Prospects: The 1998 Revision. New York 
United Nations. 1983. Dept. of International Economic and Social Affairs. World 
Population Trends, Population and Development Interrelations and Population Policies. 
Population studies series, No. 93. New York. 
United Nations. 2000. United Nations Statistics. Division. May- Jun 2000. 
(http://www. un.org/Depts/unsd/ sociallmain2 .htm). 
V aris, 0. Somly6dy, L. 1997. Global Urbanisation and Urban Water: Can sustainability be 
afforded? Water Science and Technology. Vol35, No.9, pp 21-32. 
Vensim User's Guide. Vensim Ventana Simulation Environment. Version 1.61. 1988-1994. 
United States of America. 
Wackemagel, M., Rees, W. 1996: Our Ecological Footprint. Reducing Human Impact on 
the Earth. New Society Publishers. Canada. 
Winograd, M. 1996: Conceptual Framework to Develop and Use Environmental and 
Sustainabililty Indicators for Policy-Making in Latin America and the Caribbean. August 
2000. (http://www.rolac.unep.mx/evaluamb/esp/start.htm). 
Worldwatch Institute. 2000. Vital Signs. The environmental trends that are shaping our 
future 2000 -2001. Lester. R Brown, Michael Renner and Brian Halwei, Main Authors. 
Linda Starke, Editor. Earthscan Publications Ltd. London. 
110 
World Bank. 1995. World Data 1995. World Bank Indicators on CD-ROM. 
World Banlc 2000a. Development Data - World Development Indicators. 2000. May -
June 2000 (http://www.worldbank.org/datw. 
World Bank. 2000b. Development Data- World Development Indicators. 2000. September 
2000 (http://www. world bank. org/datw. 
WHO. 2000. World Health Organisation. Statistics- World Health Report 2000. June 2000 
(http:/ /www-nt. who .int/whosis/ statistics/menu.cfm ). 
World Meteorological Organisation. 1986. El Nifio Phenomenon and Fluctuations of 
Climate. Lectures presented at the thirty-sixth session of the World Meteorological 
Organisation, WMO Executive Council. WMO- No. 649. Geneva, Switzerland. 
WRI. 1986. World Resources Institute. World Resources 1986. An assessment of the 
resource base that supports the global economy. Basic Books, Inc. United States of 
America. 
WRI. 1994. World Resources Institute. World Resources 1994-95. Oxford University 
Press. United States of America. 
WRI. 1996. World Resources Institute. World Resources 1996-97. A guide to the global 
environment. The Urban Environment. Oxford University Press. United States of America. 
WRI. 1998. World Resources Institute. World Resources 1998-99. Oxford University 
Press. United States of America. 
WRI. 1999. World Resources Institute. Environmental Data Tables - World Resources 
1998-99. May- June 2000 (http://www.wri.org/wri/facts/data-tables.html). 
WRI. 2000. World Resources Institute. Environmental Data Tables - World Resources 
2000-2001. September 2000 (http://www.wri.org/wri/facts/data-tables.html). 
Wu, Changhua. et al. 1999. Water pollution and human health in China. Environmental 
Health Perspectives .Vol107, No 4, April1999, pp 251-6 (Abstract). 
111 
